


‘ 


nd LIPA 






Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1972 

A comparison of two target coverage models 
Witt, Willlam Wayne 

Monterey, Calif. : Naval Postgraduate School 


http://ndl.handle.net/10945/16034 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
e (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist | et Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 
TT \ KNOX appointed -- and published — scholarly author. 
http://www.nps.edu/library 






LIBRARY 


Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 


AYVYEIT XONY AZTang 
v8 





S899mseyy 





NAVAL POSTGRADUATE StHO0L 


Monterey, California 


A COMPARISON OF TWO TARGET COVERAGE MODELS 


by 


William Wayne Witt 





Thesis Advisor: JG = Taylor 


March 1972 


Approved for public release; distribution unlincted. 





A Comparison of Two Target Coverage Models 


by 


William Wayne Witt 
Major, United States Army 
B.S., United States Military Academy, 1963 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 


from the 


NAVAL POSTGRADUATE SCHOOL 
March 1972 





ABSTRACT 


This thesis examines several models for the computation 
of target coverage when multiple rounds are fired at a target. 
Fractional kill of a fragment sensitive target by a fragment- 
ing projectile as a function of the number of rounds fired is 
compared for two models. The first is a standard salvo-fire 
model in which N rounds are fired at the same aim point. [In 
the second model, single shot kill probability is computed 
for a fragment sensitive target and then fractional kill from 
the firing of N rounds is computed according to the assumption 
that the effects of each round are independent. The need for 
sophisticated target coverage models (such as salvo-fire 
models) is demonstrated by the results of computations per- 


formed in this study. 
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TABLE OF SYMBOLS AND ABBREVIATIONS 


A list of symbols used in the text and computer programs 
is given below. 


ENGLISH SYMBOLS 


Text Symbol Definition Computer Name 
a lethal radius of projectile A 

ay lethal radius in range AX 

a, lethal radius in deflection AY 

B ballistic error 


Pix 7yi X,Y) probability density function of 
ballistic error 


D damage measure 

d deflection 

d(p,q;x,y) damage function 

a average fraction of target killed F(N) 
with salvo of N rounds using AFTK 


dependent model 


+ 


average fraction of target killed MTERMIN(N) 
with salvo of N rounds using RETK (INDEE? 
independent model 


Z 


L target location error 


1(U,V;u,Vv) probability density function of 
target location error 


N number of projectiles N 
NRDS 

O intentional offset 

np, 4) location of target element 

PE. probable error in range 





Text Symbol 


PES 


PKy 


rE, © 


fue, V) 


(U,V) 


W 


w(p,q;u,v) 


Definition Computer Name 


probable error in deflection 
cumulative kill probability 


with salvo of N rounds using 
dependent model 


PKILL (N) 


PINDEP (N) 
PKILL (INDEP) 


cumulative kill probability 
with salvo of N rounds using 
independent model 


probability of killing target 
located at. x=0 with one round 
given aim point 1s x, 

probability of killing target 
with one round given aim 


POinties® sc, vy 
range 


postulated location of target 
reference point 


actual location of target > 
reference point used by fire 
direction center 


BX , BY 


target density or weighting 
measure 


target density or area weighting 
PUMNG clon 


point of projectile impact 
aim point for 2D model 
aim point for 1D model 


distance from point of impact to 
aim point 


distance ith round impacts from aim 
point 


GREEK SYMBOLS 


target location error standard SIGA 
deviation 
target location error standard SIGAX 


deviation in range 


a 





Text Symbol 


Detain ten 


target LOGCatloOn error 
Standard deviation in 


deflection 


ballwstac error standard 


demiation 


ballistic error standard 


deviation in 


range 


ballistic error standard 


deviation ‘rn 


target density 
deviation 


target density 
deviation in 


target density 
deviation in 


mean aim point 


defection 
standard 
standard 
range 


standard 
deflection 


for 1D model 


mean target location error 


in range 


mean target location error 


in de@tle@ction 


Computer Name 


SIGAY 


SIGD 


SIGDX 


SIGDY 


SIGT 


SIGTX 


SL Giy 


AMU 


BX 


Br 





I. INTRODUCTION 


A. TARGET COVERAGE MODELS 

Since their development over 20 years ago, target cover- 
age models have been used to provide insight into the 
effectiveness of artillery weapons systems and problems of 
weapons system design and associated force structure analysis. 
More recent work by C. H. Hess [10] has been directed toward 
providing a model adaptable to operational use by combat com- 
manders. These models are used to calculate the fractional 
kill of a fragment sensitive target by a fragmenting projec- 
tile as a function of the number of rounds fired. 

In this thesis a standard salvo-fire model in which N 
rounds are fired at the same aim point was compared to a 
model which assumes that the effects of each of the N rounds 
fired are independent. In the latter model, single shot kill 
probability is computed for a fragment sensitive target and 
Gen fractional kill €rom the firing of N rounds is computed 
according to the independence assumption. 

Because of the great simplification in expression for the 
computation of cumulative target effects, it has been assumed 
in some target coverage studies that the effects of multiple 
rounds from the same weapon fired at a single target were 
independent. For example, this was done in the recent Marine 
Amphibious Force Fire Support Study (U) [12, 13]. More real- 


istic and (unfortunately) complex models of such a tactical 





Situation are available. In light of increased costs in 
both computational time and analysis effort, it is of interest 
to examine whether such sophistications are justified. Hence, 


this thesis compared these modeling alternatives. 


Be. PURPOSE 
The purpose of this thesis was to compare in detail a 
model which used the independence of effects of rounds assump- 


tion with a standard salvo-fire model. 


C. SALVO MODELS 

In a salvo-fire model it is assumed that (1) the aim point 
is constant for all N rounds and (2) the N rounds are fired 
more or less simultaneously [ll]. From this salvo model, one 
computes the expected fractional kill by N rounds all having 
the same lethal area and all aimed at the same point relative 
to the target center [1]. 

The above model describes numerous tactical situations 
among which are (1) one artillery tube sequentially fires N 
identical rounds at the same aim point and (2) N artillery 
tubes fire identical rounds simultaneously at the same aim 
point from the same location. Elsewhere in this thesis there 
is a partial analysis of the vast spectrum of artillery opera- 
tions. The salvo-fire model specifically applies (without 
any modification) to the case when N rounds are sequentially 
fired at the same aim point without changes in this aim point 
due to updated intelligence about the target during the firing 


sequence. This is called unadjusted fire and according to 


10 





FM 6-40 [4]: 


"The greatest demoralizing effect on the enemy 
can be achieved by delivering a maximum number 
of rounds .. . in the shortest possible time 
and without adjustment." 


dt 





II. THE GENERAL TARGET COVERAGE MODEL 


A. ANALYSIS OF THE ARTILLERY SYSTEM 

The forward observer (FO) who maintains communication 
with the fire direction center (FDC) is normally located 
between the firing battery and the enemy target, and attempts 
to move about the battlefield in such a manner as to achieve 
a commanding field of view while maintaining concealment. He 
is responsible for target acquisition which includes detec- 
tion (the determination of the existence or presence of a 
target), identification (the determination of the nature, 
composition and size of the target, and location (the deter- 
mination of the three dimensional coordinates of the target), 
of ground targets for the purpese of effective employment of 
Supporting weapons [2].. 

The FO transmits this information to the FDC which con- 
Sists of gunnery, intelligence, and communication elements. 
The FDC is the element of the artillery headquarters through 
which the commander exercises fire direction and control. The 
FDC translates the information received from the FO into the 
appropriate fire commands and transmits the commands to the 
batteries [3]. The gun crews then set the proper elevation 
and azimuth readings on the guns and engage the target as 
directed. 

An error free execution of this process would result in 


positive destruction of the target. It is the introduction 


ee 





of errors that creates the target coverage problem (see 

Figure 1). The FO makes errors in locating and reporting 

the target. The FDC makes errors in translating the location 
of the target into gun settings. The gun crews make errors 

in placing the settings on the guns and finally nature creates 
errors in the trajectory of the projectile due to such vari- 
abilities as tube wear, temperature, humidity, and wind vari- 
ation. The general target coverage problem is to determine 
expected damage to the target from knowledge about these 
errors (their distributions) and from knowledge of intentional 


offsets, lethality and target density functions. 


Be DELIVERY ERRORS 

The system delivery errors present in the general target 
coverage model are amneee inherent to the system and are 
composed of (1) the target location error which may alterna- 
tively be thought of as an aiming error, and (2) the ballistic 
error. Target location (aim) errors in range and deflection 
are associated with the entire delivery system while ballistic 
errors are associated with individual weapons. 

1. Target Location Errors 

Field artillery cannon targets are located by an ar- 

tillery forward observer who identifies the target and reports 
its location to the Fire Direction Center. These targets are 
imprecisely located due to errors in target acquisition and 
possible movement by the target in the time interval between 
acquisition and attack. The target's reported position (U,V) 


which is the aim point for the artillery tube if there is no 


eS 





Symbol 


L 


O 
B 
D 
W 








we || 
D, a) 
‘ 
e3 
L 
B 
(x,y) (U,V) 
O 
Definition 


target location error 


intentional offset 
balltistic error 
damage measure 


target density or weighting measure 


brstributien 
deterministic 
b(x,y;X,y) 
d(p,qix,y) 


w(p,q;u,v) 


FP =SSSSSSSIL(U,Viu,v) b (xy: XY) d(p,q;x,y)w(p,q;u, Vv) dpdqdudVvdxdydxdy 


Figure 1. General Target Coverage Model. 
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intentional offset is distributed with respect to the true 
target centroid (u,v) according to some probability density 
function, 1(U,V;u,v). The usual assumption is that 
m(U,;V;u,v) has the form of a noncorrelated bivariate normal 
distribution. If there is no mean target location error, then 
L is centered on the true target location and its distribution 
is symmetric. USACDCEC Experiment 31.1 [16] has shown that 
the mean target location errors are nonzero, the range error 
being significantly greater than the deflection error. Thus, 
the more realistic assumption is that L is distributed as a 
bivariate normal with o >o and a nonzero mean. 
ae . 
2. SBaliaustic Exrors 

SWEM [14] considers three types of ballistic errors; 
normal, uniform, and stick which is a combination of a uniform 
and a normal distribution. The impact of rounds at (x,y) is 
distributed according to some probability density function 
Dix ,Y?X,¥) For artillery coverage problems, the common assump- 
tion is that B has a noncorrelated bivariate normal distribu- 
tion since, by the Central Limit Theorem, the sum of a number 
of independent well-behaved random variables can be expected 


to approach normality. 


C. TARGET DENSITY FUNCTIONS 

Hess [10] defines a target as a collection of elements 
(considered either as points or area increments) which are 
located in an area. Each target element (p,q) is independently 


and identically distributed at the target location according to 


12 





a target density function w(p,q;u,v) which has properties of 

a probability density function. For a continuously distrib- 
uted target such as an airfield runway, the elements would 

be treated as area increments and the target density would be 
uniform. A uniform distribution might also be appropriate for 
ammunition storage bunkers dispersed over an area, but in 

this case the target elements would be points. 

The target density function does double duty because it 
can also be thought of as an area weighting function. If the 
target is an infantry unit deployed over an area, that sub- 
area occupied by the unit leader should be weighted more 
heavily than areas of equal size occupied by non-leaders. 
This distribution of weight over the target area would result 
in a peaked, non-uniform distribution. The most common form 
of W has been the uniform distribution in some specified 


square, rectangular, circular or elliptical area. 


D. DAMAGE (LETHALITY) FUNCTIONS 

Field artillery cannons firing fragmenting projectiles 
kill fragment.sensitive targets by exploding and throwing off 
schrapnel. Thus, it is not necessary for a direct hit to 
occur in order for the round to be effective. The damage 
function resulting from the exploding rounds depends cn both 
the target element location (p,q) and the impact point (x,y) 
ema 2S denoted by d(p,q;x,y) .- 

The simplest and most common form of the damage function 
is a cookie cutter (see Figure 2(a)). This form specifies a 


Constant amount of damage out to some range R from point of 


16 





impact, beyond which there is zero damage. Other more 
accurate but more complicated damage functions are avail- 
able which give a more realistic estimate of true projectile 
lethality (see (b) through (f) in Fig. 2). Figure 3 from 
BRL report 1544 [1] compares a poor damage function (the 
f]eokie cutter), a good damage function (the exponential), 


and the true function. 


E. BIAS 

Bias is the sum of the mean target location error and any 
intentional offset from the actual target centroid and deter- 
mines the location of aim point (x,y) with respect to the 
target centroid. When there iS no intentional offset, 


m0; Vv) = (x, y) 2 
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Tift. THE SALVO MODEL 


A. INTRODUCTION 

The salvo-fire model is a specific form of the general 
target coverage model. The conditions of salvo-fire 
Gictate an explicit form for each of the parametric distri- 
butions discussed in the last chapter. These explicit forms 


for one and two dimensional cases are discussed below. 


B. ONE DIMENSION CASE 

The one dimension model 1s convenient for conveying the 
essential features of a salvo-fire model without obscuring 
its features with unessential details and complicated rela- 
tionships. Using a rectangular coordinate system (see Fig. 4) 
with the target reference point located at x=0, the assumed 
aim point is at some point x,- This distance is a measure of 
target location error or alternatively, of aiming error. The 


ith round impacts at xX, .. 
aL 


TARGET 


x 0 


Figure 4. 1D Target Coverage Model. 


l. Specieic Assumptions 


a. Target Location Error 
x, 1s distributed normally with mean Ue and 


e 2 
variance 0, so that, 


20 





f(x.) = ie exp. er z 
oV2n 2 os 


b. Ballistic Error 


xX, is distributed normally with mean x and 


variance oO 2 so that 


b 
SoG) i ae sol [x,-x, | 


eA) 





c. Damage Function 
The functional form for the damage function is the 


exponential function, 


Giles) = seeway'— x2 


2a° 


where a is a shape parameter derived from a fit to experimental 
lethality data which has been independently determined from 
fragmentation tests or other techniques and is called the lethal 
radius. "x" is the distance from center of impact. 
on Phewsnalytical Model [15] 
Under these assumptions the conditional probability of 


killing the target with one round given that the aim point is 





x, denoted by Pk /Xa ae 
oo be 
f il exp -1'*b a | exp/- Xp? \ ax, 
- | 2; G ) 2 | 
2 9, /2n b | \ 2a 
em | | 
2 
= a exp {- eo 
2 
Z 2 2(a +0 7) | 
. von), bo / 


Zeke 





Considering the firing of N rounds at an aim point and then 


averaging over a distribution of aim points, the result is, 


co 


N 


PRY =j]- f (1- Pax, fy (x_) dx. 
= ©O a 

“Ku < \ 
exp calc 2 
_ 21 ns f= 2(aé ish. *+Ko_ ) | 

2 - 2 2 2 

+ 
a oe a TO i 


If the assumption is made that the effects of rounds are 


statistically independent then the independent model is, 
PK* = 1 - (1-PK,)™ 
N ic 


The computer program used to calculate the values of PKy : 


PRE : PKY-PKL (absolute difference) and PRA ky (relative 


PKy 


difference) for N=l to 15 is given as Appendix A. The inputs 
for this program are "a", Hor OL, and 0). Values for these 
inputs were determined as follows. 

a. Lethal Radius 


No attempt was made to fit "a" to experimental 


lethality functions nor to determine "a" from classified 
lethality data. As used in this study it was the radius of 
burst obtained by subtracting the width of an open sheaf from 


the front of an open sheaf as shown in FM 6-40 [4] and divid- 


a" derived in this 


it 


ing by two. (See Fig. 5.) Approximate 


manner for various weapons is shown in Table I. 
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Figure 5. Lethal Radius. 


TABLE I 


a" FOR VARIOUS WEAPONS 









Weapon 


105m | 
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b. Mean Aim Point 
Experiment 31.1 [16] showed that the mean target 
location error among forward observers under daylight condi- 
tions using nine target types, two environmental conditions, 
and over various ranges was -167 meters in range and 28 
meters in deflection. For particular combinations of envi- 
ronment and targets, mean range error was as much as -407 
meters and mean deflection error as much as 72 meters. 
c. Target Location Error Standard Deviation 
A supplement to experiment 31.1 gave probable 
errors for three types of target location techniques and three 
range bands (see Table II). Standard deviation was determined 
by dividing the probable error by .6745. 
d. Ballistic Error Standard Deviation 
This data was extracted from standard artillery 
firing tables [5, 6, 7,.8] and is displayed in Table III. 


3. Comparison of Independent and Dependent Models 


The computer program used to calculate values of PKy 


and PKS also calculated the absolute difference PKN-PK, and 
the relative difference (PKS-PKy) /PK, - While the absolute 
difference may have been small, reflecting small values of 
PKy and PRA , the relative difference may have been quite 
large. 

To determine the effect on model differences of vari- 
ous values of the input variables, each was in turn varied 


over a range and the others held constant at a base value. 


These base values were a=20, eons and 0o,=20 and were 
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TABLE II 


TARGET LOCATION ERROR STANDARD DEVIATIONS 


Target j} . Range Probable Standard 


mecation Error Deviation 
Technique ; (meters) (meters) (meters) 






{ 
{ 
{ 
| 
r 165 245 













< 2000 
27 40 
| 712 
Polar ' 2000 to 4000 
; Cg 40 
r 800 1186 
> 4000 
d 27 40 
| r 110 163 
-< 2000 
| d 64 95 
; | r 525 778 
Grid : 2000 to 4000 
95 
Shift 2000 to 4000 | 
é 
r 1850 2743 
> 4000 
ad 200 297 
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TABLE III 


BALLISTIC ERROR STANDARD DEVIATIONS 











Weapon Range Probable | Standard | 
(meters) EErou ! Deviation | 
(meters) (meters) | 
} { 
r 8 | 12 
2500 al ! 135 
reli. 16 
105mm 5000 d 3 | iene 
, | r 14 24 
Howitzer ; 7500 ! Ae 7 
19 
10,000 | cst 
7 iol 16 | 
| 5000 | Aa : 
155mm | | ey 40 
| 10,000 : aoa 6 
Howitzer 
40 5 
|__ 15,000 : a4 | 6 
. a ND a - he ee 
13 19 
| 5000 | ae | ae | 
8 inch EG 39 
10,000 ae 7a 
Howitzer rae | 56 
eA 00 aia 15 
| r 16 24 | 
5000 ad 2 3 | 
20 30 
175mm ! 10,000 ee ae : 
35 52 
Gun | 20,000 2 10 | 15 ! 
r 63 93 
30000 549 55 | 
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selected so that they would be representative and so that 
probabilities of kill would vary over most of their 0-1 
range. Figures 6 - 9 illustrate the relative model differ- 
ence as a function of the number of rounds fired. Note that 
the vertical scales vary. 

Relative difference plotted against N was in all 
cases an initially increasing function. This occurred as a 
result of model equality for N=l and the fact that PK* > PK 


N 
for all N. When the probabilities of kill approached their 


N 


limiting values of zero or one, absolute difference decreased 
Causing a decrease in relative difference. This resulted in 
a curve which initially increased then decreased as the 
probabilities of kill got close to one. 

An analysis of the curves plotted in Figures 6 - 9 
resulted in the general observation that relative difference 
miereased as N increased for small probabilities of ki 
was therefore expected that relative difference would increase 
if factors that caused a degeneration in probability of kill 
were increased. This was reflected in Fig. 6 which showed 
that relative difference increased as lethal radius decreased. 
Figure 7 showed an increase in relative difference for an 
increase in mean aim point until the mean aim point was so 
far off target that the probabilities of kill approached zero. 
Relative difference increased as ballistic error decreased 
which at first looked like a contradition to the premise that 
relative difference would increase as degenerative factors 


were increased. However, further analysis showed that increased 
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Ballistic error caused increased probability of kill due to 
the fact that the aim point was quite far from the target. An 
increase in dispersion resulted in rounds landing further 
from the aim point but closer to the target, giving a greater 
meOobability of kill. 

The premise was further reinforced by Fig. 9 which 
showed an increase in relative difference as the distribution 
of aim errors flattened out, causing a degeneration in prob- 


Morritzies of kill. 


C. TWO DIMENSION CASE 

The addition of a second dimension brought the model much 
closer to reality and provided a method for getting answers 
to the target coverage problem in real would situations. Both 
range and deflection errors were taken into account so that 
the functional forms of error distributions were bivariate. 
Results of the calculations are included as Appendix A. 

Pope ct Lic ASSUmetlons 

a. Target Location Error 
The target location error was assumed to be un- 


correlated bivariate circular normal so that, 


7 
_ 2 Pe 
Ww all, W)) a i 2xXpulieeUsOe th (VeV) ® 
2770 ‘ 20 z ; 

a a 


b. Ballistic Error 
The ballistic error was assumed to be uncorrelated 


bivariate circular normal so that, 
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Die, yx, 9) = a} exp! - (x-%) Saye yy) 


2710 20 


c. Target Density | 
The target was assumed to have a value of one and 
was assumed to be distributed over the area it occupied 
according to an uncorrelated bivariate circular normal distri- 


bution about the target centroid so that, 


WAPnd Vy) = sesso ie e2aq?) | 


2 2 
20, 20, 4 
ad. Damage (Lethality) 


The damage function had the form of an exponential 


damage function so that, 


d(p,q;x,y) = exp ' 


e. Bias (Offset) 
This model assumed that there was no bias. 
2. The Analytical Model [15] 


Under these assumptions the probability of killing the 


target with one round denoted b en 
g r Y PK/E,Y¥ me 
j ats 
at = 1 | (u-x) 2 a (v-¥) 7 
ae 
2 2 2 
+ + 
(a o. ) | a O 


Now considering target density and averaging over all aim 


points, 
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Nf K-1 2 2 
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2 2 2 2 
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If the assumption is made that rounds are statistically 
independent then the independent model is, 


Fe = 1-(1-F,)" 


The computer program used to calculate AFTK for both 
independent and dependent models, absolute difference and 


relative difference is given as Appendix D. The inputs for 


this program are "a", o o, ando,. Values for these inputs 


a’ “b te 
were determined as follows. 
a. Lethal Radius 
The lethal radius was determined as for the one 
dimension case. 
b. Target Density Standard Deviation 
A typical small target for artillery weapons is 
an infantry platoon in a defensive perimeter. Consider a 
platoon of about 40 men configured in a circular defensive 
perimeter with 10 three-man foxholes two meters wide on the 
perimeter with 10 meters between foxholes. If the target has 
about 95% of its value normally distributed on and within the 
perimeter (there may be listening posts outside the perimeter) 
then the radius of the defensive position which is approximate- 
ly 20 meters would be at two standard deviations. Therefore, 
a,standard deviation of 10 meters would be a good approxima- 


tion for a small target. 
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c. Target Location Error Standard Deviation 
This value is determined from Experiment 31.1 as 
outlined in the one dimension case. 
dad. Ballistic Error Standard Deviation 
This data was extracted from standard artillery 
firing tables [5, 6, 7, 8] and is displayed in Table III. 
3. Comparison of Independent and Dependent Models 
Figures 10 - 13 illustrate the relative model differ- 
ence as a function of the number of rounds fired. Note that 


the vertical scales vary. 


De. APPLICATION TO SPECIFIC WEAPONS SYSTEMS 

The model could be used to calculate AFTK for specific 
weapons systems if certain of the assumptions for the two di- 
mension case were changed to conform to actual distributions 
for the various inputs. This was accomplished by assuming 
non-correlated bivariate elliptical normal distributions and 
allowing for bias. Inputs for this model were taken from 
actual data if available and estimated if not available. An 
exception was the lethal radius "a" for various weapons. It 
was determined as for the one dimension case and was not based 
on classified lethality data which was available. Results aft 


the calculations are included as Appendix B. 


ime oecci fic Assumptions 


a. Target Location Error 
The target location error was assumed to be uncor- 


related bivariate elliptical normal so that, 
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b. Ballistic Error 


The ballistic error was assumed to be uncorrelated 


bivariate elliptical normal so that 


\ 


ievaeey) = i ” tex? x) + (y- z2)| 
210, 3G Op 2 OF . 
/ bs |] 
c. Target Density 


The target was assumed to have a value of one and 
to be distributed as an uncorrelated bivariate elliptical 
Mormal distribution so that, 


r ; 
Ws nv) = i) exp a= la “pou. u) 7 + awe = 
270 O Dit ages a aa 


ty ty ; ee . 
; \ 


dad. Damage (Lethality) 
The damage function was given the form of an un- 


correlated bivariate elliptical normal distribution so that, 


/ - \ 
7 \ 
a(prarxsy) = __1 exp) - 1 | (p-x)* + - | 

os 


27a, a., \ : at |] 


Bias was allowed. 


e. Bias 


23, she Analytical Model. (9; 15) 


Under these assumptions, 
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a, + 9d Oo ee 
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and (a) for statistically independent rounds. Values 
for the inputs required in the computer program for this model 
were determined as follows. 
a. Lethal Radius 
In reality a, and ay, depend on the angle of fall 
of the projectile which in turn depends on the trajectory of 
the round. Generally angle of fall will increase then de- 
crease with range. The values for a, and ay could be-accu— 
rately determined from angle of fall data contained in firing 
tables and classified lethality data. However, in this program 
these values were determined as outlined in the one dimension 
case so that for the 105mm howitzer, for instance, a. ae 
b. Target Location Error Standard Deviation 
These values were extracted from Table II for three 
representative ranges for each weapon. 
c. Ballistic Error Standard Deviations 


These values were extracted from Table III for 


the grid method. 
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d. Bias 
The target used for the specific weapons case 

was target Type F from Experiment 31.1 [16]. Target Type F 
consisted of 24 men stationary in a defensive formation with 
half the personnel simulating digging in. Values for U and 
V, the mean target location errors for range and deflection 
respectively, were taken from Experiment 31.1 for data based 
on target Type F. These values were U=-158 meters and V=32 
meters which was an average over all observer-target ranges. 

e. Target Density Function Standard Deviations 

These values were determined for target Type F 
by the method outlined in the two dimensional case of a platoon 
in a defensive perimeter, giving a radius of 16.6 meters and a 
target density standard deviation of 8.3 meters. 
es (Conparisony of Independent sand Pevendent Models 

Appendix B gives tables of average fraction of target 
killed for the case of specific weapons. The tables show 
that when in the artillery operation N rounds are fired and 
elliptical distributions and representative data are used, the 
error resulting from the independence of effects of rounds 
assumption is greater than 300% in some cases. The error was 
large enough to conclude that studies based on this simplifying 
assumption may lead to erroneous conclusions. This was perhaps 
the situation in the MAF Fire Support Study mentioned in the 
introduction. In that study ordnance expenditures required to 
achieve a specific level of destruction of area targets were 


computed [13] by, 
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Ne=Intdek) 7m Gib (c)) 
where: 

N = the average number of rounds. required to 
achieve the desired level of destruction of 
the target, 

K = the level of destruction required, 


Eve) 


the average fraction of target killed from 
the delivery of one round (called Fy nee nass 
paper). 
Multiplying both sides of the above equation by 
iil E (Ce) gives 
N In(1-E(C) )=1n(1-K) 
or 1n(1-E(c))N=in(1-x) 
ox (1-E(c) ) N=1-k 
or Ket ( ln ey 
which is the independent model developed in this paper. 
The MAF study used the Simplified Weapons Evaluation 
Model (SWEM) [14] to determine E(C)'s for the various target- 
weapon coverage problems encounterec in that study. The SWEM 
model is very general and has the capability of calculating 
the average fraction of target killed without making the 
independence assumption. In order for the MAF study to use 
the independence assumption, it would have been necessary to 
calculate ay using the SWEM model and then apply the formula 
K=1-(1-F,)°. This procedure does not use the SWEM model to 
its full capability and results in errors, the size of which 


Gepend on the specific inputs into the model. 
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IV. CONCLUSION 


There was a Significant difference between the results 
of computations with the model in which it is assumed that 
the effects of rounds are independent and the standard salvo- 
fire model. In some cases this difference was more than 3003 
and was usually greater than 200% for the two dimension 
model in which elliptical normal distributions and representa- 
tive input data were used. Hence it is concluded that the 
model which assumes statistical independence of effects of 
rounds iS a very poor approximation to the salvo-fire model. 

Analysts performing studies on weapons system design, 
stockpiling ammunition, cost analysis, and related target 
coverage studies should be aware of the limitations of sim- 
plified target coverage models (such as the independence of 
effects model for the firing of N rounds). The use of such 
Simplified models should be justified by representative cal- 
culations to determine the amount of disparity between them 
and the more sophisticated models. Otherwise, large errors 
in average fraction of target killed may result. 

Future analysis on the subject material covered in this 
thesis might include (1) model verification and more accurate 
comparisons based on classified lethality data; (2) exten- 
sion of the target coverage model to battery firing; (3) com- 
parisons of other than salvo-fire target coverage models with 
Simplified models; and (4) the use of such target coverage 


models to investigate artillery tactics. 
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APPENDIX A 


COMPUTER OUTPUT FOR 2D MODEL 


These tables contain values for N, the number of rounds 
fired in the salvo, AFTK, the average fraction of target 
killed for the dependent model, AFTK(INDEP), the average 
fraction of target killed for the independent model, 

DIFF (ABSOLUTE), the absolute difference, and DIFF(RELATIVE), 
the relative difference. 

Inputs have the following values. 

N=(1,15)1 
a=(10,50) 20 
0,=(10,210)100 
0 = (0,400) 200 
0, =(0,60) 30 
The tables contain computations for all 1215 combinations of 


the above inputs. See APPENDIX D for the computer program. 


45 





Oa 


RIT ANCE 


DIFFC ABSOLUTE) CIFFE(RELATIVE ) 


AFT K(INDEP) 


AFTK 


LAM AIAIO ST ADRECMNRAaAt 
NOM OSFONDAOG-f O 
®e@ecskreeseeeo0878868688 80608 8 8 


OOOO VOCVWOogC0O0CSoS 


MUN LAM OOMM ahr N 
DNUOA MAN HAHOD OOM OO 
OD ASA AAA AOOOOCOCO 
core eoce ee ee ee © 


OOODOVDDGOCOMCOOOGO 


COCO O72 OO OO oe eo. 
BUI MODARATOCDVOO 
LIAM ADPAHAARARAHONROOGOOO 
®eeoeeo8e.e@m6hmUmuUUCUCc OhUC OCmUCt !TCUC KHHOhUCMOOmhUC OC HhC~C HhC™!O 
OOCAODOOC CAAA eA 


OMOOMMENHOTMH OAM 
MD WD MIN DOT ANAM M 
UVO P= 00 00D CODA DAN AM 
eoeeeeoeve eee 08 @ © @ 


COSC OCOCOCCOCOOG 


ANOS UO WO HDOANMSTUN 
At aa 


DIFECABSOLUTE) DIFF(RELATIVE ) 


ARTK( ENDER) 


AFTK 


ANA AIN MO MOO MH 
GOOG COOCCORO 
COOCOCTDTDTUGOIOGOO0O 
eeoeeoeore oer eee eee 


OOO OCAMNMIOOODOD0NOO 


ae et QIAICUNIAIC 
OOO OOCVDGWOO 
Cog CaQOuoa 220000 
@®eeeeesreere#eteeeteoeoe#eese#ese @ 


COCOODSOIOOOCOGO0O 


ATOR DOM MCT OCACK AA 
Dh tei MOO MP AWNOHAMO 
CoMaAAQIEM Mt WO OOrE 
eeeerFeeesevses##e @ 8 © @ &@ 6 @ 


Occ oCvoc CeO UeC eI om 


AMO MP DINO AMMO TOW © 
OM preeh—/ MOM aeftOOMnN 
CRMHAILCO MO SPtlLUAovdor>r- 
Ce ee ee er er ee ee ee ee ee ee ee er ee 


COODOCOOCOCOCSCOS90 


ANOS OP- MOC AAIMTW 
mist asa 


DIFF( ABSOLUTE) DIFEVRELATIVE) 


a Nita 


AFTK 


COOCMOOCOOCCOLOG 


eee#e#eeeet 8 @ @© 8 86 6 @ 


BIOMOMIQAIOOC OGOO 


COUG. COCCOC CCC SG 
eosovroceoe oer eee eee @ 


MCOODUSDOCOGCOOC9IO 


OOUM AU MOOINMSSFHFON CY 
AWM OAT ER OBOE OAM 
CEOS AGA NNAINNOM 
ee Pe) 
QOCOC Gh S] Ces 


OAM AWUIVO MAIM S$ SF SOON O 
NAM CASS MH DRMMOUP-O BO 
OID AAA AANA NAIM OM 
®ee%oe28vt:osde?e#¢eeee% 8 @ 


CeoCc COG@eC IC 2OCCceO 


ANMTOAOM ODHOMNMTMN 
AH A Ae 
, 


46 





40000.06 
C.0 
DIFEFUABSOLUTE) 


10C .0 
RYT ANCE= 


i 


POs 

RILANCIE 
PROR V 
ART ANC 


Iu)> 


V 
N 
R 


Seo 
Wk eH Oe 
t= b- 0% 
mY) «yt LU 
Oo) 

UE) 
O C3 


arr Y 
<IWiue 
IAD GD) 
Oa a! 
Uj<{ <T <I 
—/ - F 


DIFF(RELATIVE) 


AFTKCINDEP) 


AFTK 


NCW Rah FOUAIT AO OM 
MOHOMONNM ANMSPUWN 
OMOGHATORNAMODONS 
eeecoroeoereoe ee gee 


COCO KF AAA NNNNOOMS 


MOAN DAM ONS OO 
BWODODOAAAANNNNAN 
eoeeeeveeeeeet ed e@ 


OC OOCOO9OCCOCOU0O 


NAM DNV O AUN & ASST 
CO CAAA ANNNAN OO 
OGOOGOCCUOC COCO 
eeeeeeeeee%sve#28 @¢e@¢@e 


COON TCOCOCOCONOO 


Nt Nin 0 OOM RE ™ oO ccd 
QOoOOoCWOvr COC Oe Oo 
OODODVOVOVDIOCONVDOFZDO 
i ee ee | 


DWDOIGOOVOOOCTCMO00OO 


eACNIOFIN OM OO CHM ATIN 
lt et ed me 


DIFFCABSOLUTE) DIFF(RELATIVE) 


AFTK(INDEP) 


AFTK 


PFHOPRHSROSRLASD 
SDT ONSRANS 
COQDDAAAANANAIN OOM 
@eeoveeteeeeeeteee ee @¢ ee @ 


COOC COOOMO0O000E 


AAAI TSO Or Om 
OPQCUOCctoOoOaCce eo 
COQOOCO DO OOCGCDOeS 
@®eeeeeeteeaesesesetesee ge 


COMO ONOGOVUSOODOGOO 


AACN ONS OORT O 
DOC HARA RAANNNN COM 
SGOCVCUIOOM0 UC OOGCO 
®evtee98etFf?#¢680GtehmUhtrmhC lhC CU HmhlUhO 


OOoccococeCooOooc: 


NN ® HOW O DWOHAG SUV 
C3 TICs Cet et IRANIAN NAN 
COC OCOOCC OCC. COC” 
cooereovere eee vo @ @ 


OQOOTCOGOO9OOCOOCO 


KANOATADM ONC SNOT 
dd at mt md od 


DifreAs Sele) DIFEIREEATIVE) 


SECURING ER? 


AFTK 


ONOTOMAY O 
MTSuUVNOnr-f & 
ODOQOOOOOCOCTOOOO 
@eeeee%eeeeetee se 


OO ODOCOCOGCOCACO 


aes eA OIA 
OMODOOICAaO 
COCOOCOODVODOGOMO 
©®ee#eeeee#eeee%*ee se 


COSGTOODDOIOGOCO0 © 


AQIAM Oe tonmnoemunrage +t 
OC. ODMAAAANNNNNM 
CoGolOOUCiC osu 
eeeeeee%oe#%ee#eee% @ @ 


COCCOGDOQOOCCE CLO 


CUD OD AO BD HK ICO UV OY et 
DO Ge AAA ARN NNANO 
OGCOPCOC OCG UGGO 
eeeeseteee#eee%#e?e @ 


COO GGOOCTMOCCCOO 


ANIMAS NOh ODKHCAGMTMN 
mt ted tet od 


47 





160900.0 


C.o 
DIFF(ABSOLUTE) 


1C0.0 
ART ANCE 


E 


AFTK(INDEP) 


G 
V 
CeE= 


DIFF(RELATIVE) 


AFTK 


OMNDHODO DMO MOOW HO 
MAO TAHMMHY COMM AS 
OOUWHAHATOKRHTODONY 
eoe#2#veeteeese @ &@ 8@ @ («@ 


OOOO AAA ANNNNMOMOM 


Sa NNO OS FUIO OH 
ODOCDOGOoODCOOGOA 
OOODOODOODOBDGGNO 
e@eee#eees2#?ee?@®&ee%?8 @ @ 


COOOOOGWIOCOVT00O900 


met NNO S$ FLO ORS ODD 
COOCOOCIOIMOOaCCC OO 
OMOOOODIAMGAGDOIE 
eee#2ee#e?8e#9e e288 © @ &@ @ 8 @ 


CODCGOAIMSUVOONOO 


Sst$ HHH OUI AIO NAIA OIC 
COO ewOe ce CeO 
QOOCOMODIOCOCODMOO 
oes#Heee???eeete%8@9o9o¢ @ 68 6@ 


COOCOOCCOOSPOICOoO 


MAIO FUN OM OHORMNMTW 
Saeed 


1 2 e o 


VER TANCE 


ROR VARTANC 


R 
ARTANCE= 
AFTK(INDEP) 


DIFECRELATIVE? 


DIF CABSOLUTE) 


AFTK 


FOONDWTOON 
UVC MUN CO HOO 
ODOVDODOMAAINANNOMO OO 
oe oe eo oe eer eee eee 


COCOCOOCOHCOCOCC OO 


etetet SHC COU CY 
COOCCc  OOCeGO 
COCGC UOC GO0D0OCGG 
®oeoeeefsee?srs?tsrteee%s @#e8 @ 


CODTOOCO9OOGOOD90S 


HHA MOS FUIOOER ES OOD 
OOO Ot Cee eee Cl 
QOGOODGOUIOC DONOO 
eevee eveve7e ee 0 6 © @ 


MAIOICTOOC{VOCOOODCOO 


WOOMC EG (IC 7K OOO 
QOS VUVIVOWOOOBOCO 
ooo oevo er eee eee ee @ 


COVTWIOTOODWSGSSC OOOO 


SHANOFNAOKR DAHAGANMN GY 
A tet ed 


160000.90 
DIFECREEATIVE? 


DIFF CABSOLUTE) 


AFTKCINDEP) 


AFTK 


DOr 
f~ co Ov 
ODOOGTOOOOGCOO0OOO 
ooev eevee ove ee 0 0 @ 


OO COCOWOOCOCOCOG 


gat rt 4 
Omo® 
CTOOVD SGOGOGOOO00ND 
eocoreoe eee ee © © @ @ 


OCOOCOOCOCCOO008D 


MaAAIMNM SS FUVNOM fh ONO 
COOOGCCOCROONULCIOO 
NQNOVOGCOOOIAWOUMD 
@#eeoFf??e0@e08808 8©8 8@ &© &@—h6G@ 6@ 


ODDOCODWOO9NIOGD 


mt CINCO + LALO OH > OC 
VOCCCOC Ce OOCeec & 
OOOMIODOCGODONGICOOQ 
eoevt?%e?Feoe8f@8 828 © @ @ 8&8 8 @ 


COOSCCOOCOOCOOCOO 


MAYO PUVOPM OA MANMOS UY 
ttn 


48 





DIFF CABSOLUTE) DIFF(RELATIVE) 


AFTK(CINDEP) 


AFTK 


OMMNOMODAHANGMA) 
MNODATHR OAANNHAO 
OMOMAATODEMNKH AAM 
#eeeessrese?e?Feeteeeg?gd @ 
CODD MAARMINNNNAO ES 


SRA N DIAN DOLIANOA ONO 
GOMANNMOS TUOOP OO 
OMGOOWOVIDCOOWOGOS 
eoeeoeeeeeeceet eee @ 


COSOGCOGIGCOSTGO 


DOSNT OOF ADE FADO 
QANMSFINOHE SE ODOR 
OOO DOGOOOM Aaa 
ceereceevevree cee @ 


CrmOoQoOOCce CeCOoCoo 


DONS OC ANOS OOF 
OAAMAAIAINNNAAINAA 
OOOMOOCAEBACVD-LCOO 
e*eeeeverF eevee eee 


COSC DOO DOOOCSCOOOS 


ANOATIONOM OO MANMT IA 
aaa 


900 ° yy 
DI FE CAESULUTE) 


2) Coe O 


19.6 


VARIANCE 
N ERROR VARIANCE 


R VART ANCE 


DIEEtR ERAT Ives) 


AFTKUINDEP) 


AFTK 


DO DW HMO NAMA OAM 
PFOMANNDONSTOMWRH 
DOO VCE FAAAANNNNNS 
eeeeeee#?e##etetse#e?ee®e 


COTOOOTOMOCCOCOA00 


AAIMIO DON OM O 
OOOO O AMAAMANAA 
CGODODOIOGCOOKOCUO 
eeceoevoverevoevre ee eee @ 


COOOVUODOOGDOO0R0 


MIAMI OWA OM + HOUICIO 
CANMMTAMNMNOFODACO 
CGOCUOOIIGGOCGnA 
eeeee%sege#re#e#eee?eeee®@ 


COOGDNIOCCOCCORO90 


DINAMO +F+OOROHDOMAM 
DANO MOSSTUDOOH EO 
CoOCGCcoogcCcCCcoQOOooe® 
e@9eee¢eeee?¢#?¢#?#e?¢e0e0¢0 @ 


COODODOOCOGOOCSS] 


MANOA TAOM COHOANMOST UY 
eta sede 


3600.0 


2100.0 
Ge 


OLE CABSOLUTE) DLE RelA eivieD 


AETCCINDEP) 


AFTK 


DONM ADOUDAMHMOMOCA 
MOAI MST FFL O 
OO COVWCOONCSCWOOOO 
eeecereee##e?e © e880 86 @ 


OCOOSCMWMBOGGOCO00O9D0O 


aaa AINIMOO SFU 
CCC OOOO OOO 
COVDGODSIGCOOOVINDY 
eeeoeekeeee?eeseeee?e?# @ 


e 
COCOODOCOCOGLGGCOaAGS 


DOO ODD eh OM CO1 OA 1 DU 4 
OMAHAAIMMO SLD OOP OM 
ODS oOOOCGOGOG: 4G 
eoeeeeuee%eeeeeegeeeee @ 


OOOO CO9O900OSTW oS 


OO AID Ah AIO FOUN T UNO WO 
BSaeANMMSsSFUINHOr/ DOO 
OOSDCODCOeG CeCe os 
@®@eeerePer0e eee eee @ 


CODOCOOSCNIOOCOGSGG 


AAIM FLD OP DH OMAAIM FU 
este ie led 


49 





DIFFCABSQLUTE) DIFFC(RELATIVE) 


AFTKCINDEP) 


AFTK 


NPTOMCEHM™ BHOMN DOW 
MOAOSTONOMAHM SOO 
OMNMODHMATORAMDOONST 
eoeoeeee%se%eee#8#eee* @ @ 


CODORAAANNNNO OM 


MANTOM DONNIE AON 
SOQOOVO AAA AAANA 
QOIOCUVWOGQOce GVOCO 
©oe@eee$0eee#ef8e8©6mUcOOmC mC WC‘ ]UCkhlhlUrhrmhlU MmhlhlUh?Y 


SCOCOCVOGCOOOOCe 


ONS OO Co AOA Dao uy Oc 
OVO AMARA ANAINGNG 
COMIC Oe CO COoaoC Se CuD 
®eoeo @ wd @ 8 @hmUhOhUchrmhUC OChC(ChTCUUh OmhUCUchhUCUhHhUhS 


OMTOOCOCOOCCCOC 


NICO SAF ASIN UVLO WOO OO 
OCW OC Crewe, 
OCS COoeeonOceOoCeo 
Cr ee ee ee ee ee | 


OCGOCOCCOCTOOOC0OO 


MANOA SPNOH SCHAOANMOTU 
SHA sae 


TOO 


(Lj << <{ 
hk-k © 


OP POABIS@EW TE) DIFF(RELATIVE) 


AFTK CINDEP) 


AFTK 


WMCINRAO HONE NOM 
SONIE ONE CNW 
DODOGO FMA ANNNNMOMMOM 
osoeoevreer weet eee © o ®@ 


OOGTOOOOCIWOIAANM AD 


AA aANCOMS UO Or 
OCOooGOooG Ge: Oo 
OOODOCWOOVIDISOOVUO 
Ce ee ee er ee ee ee ee ee ee ee ee ee Pe) 


COOO VOGIOOSDC OGG 


NPTOMA AHOAM Doan S OO 
MMQOOO MAM MmAANNNNA 
GOO DAMGOO@CC OGO 
eoeeeeeseeer eee @ @ 


OOOO aCCOoOCCClCOC¢: 


NSA AMNHOSUNO DODe4 
OCUuDd Ota ase st aersNA 
CTD ADOOQCOOGCCCCO 
oo# eo 0 #00 &© 8&0 & 8 Oe 


OOCOGTOOOOCOCCOO 


MANO PUIVOM OHMANMSTW 
ste i 


wo 


ar) 
<I LU Ld 
oe CCD) a 
moO co 
Ut << 
fF oO 


DIEFCABSOLUTE) Dt FEtREEAt ve 


AFTKCINDEP) 


AFTK 


MO AWN em C20 
JS TLNO OP COO 
COOOMOCOGOCOCTOOO 


elelelelelSlwlelaialalelelete) 


Sasa oH HOI 
IOC. Cree Oe 
CGoOCCOC One oe 2oOCo 
o07e ee ee e@ 8 & @ © 8 @ 


SOCODODGTOCOODUVNUIOO 


ISLAM DAN SFOCTHMNAMS 
OOO DG AAA AANIAIANAAN 
COC CewocOcwaG 
#eee%ee?eoe8keeoees#e#e?ee @ 


GOGOOd.eOovwcoduenD 


AUSTIN ME AOA FIA DORMO ST 
CO Ddt ase sSeAANNAA 
OCeocnccoaoewoc?’ aa 
@®eeesrkee###e#?¢ese oe @ 


OOOCOCVCVMOSTESOA000O 


MYA TIVOP OHROANMTU 
mtd tite 


50 





DIFF(CABSOLUTE) DIT EF CRECAITIN tf 


AFTKCINDEP) 


AFTK 


WODODDO HUM TOON 
MAHOTAMM-OMTM AO 
DOODOAATODHSFODONY 
eosvroce eee eee eee © @ 


OCOCORAAAANNAINM MOM 


aasNANMOS FINUNO OP 
OCcaoccOoCDOooOOo 
DWOAOOGOOOOCWOOCSo CO 
®eeoesFrfeteerte?sreeteeeeseeee @ 


COOCOGOCOCWOOVCGOINOG 


mm ONAN OF UVLN OOP Oa ® 
COOOC COC OOOCOOO 
OGCIG DAVOCOGTOGE0 
oer eee oer eet ee © «@ 


COCOSBISWCOOOWODVOCOOG 


aetesiest aReONONANOUN AUN 
COoGcieUGaCoee Cece 
COOCOCGTEeCZTOCCoOO 
ee @e?¢e8?:@6hmUhOmhUC hOC‘(“C OwiCOCk lUlULtthlUc OOmhUlUcrhOlhUcCOOlhUC< OMC«! 


wel elelelololwleleleluleleiaie) 


SANMOSTOOM DHROAHNMSWN 
et md ed ed 


DI EPVUASSUEUTE) OLERCREEAT INGE? 


AFTKCINDE?P ) 


AFTK 


STOONDMSTOWN 
INC COMMNAOAMO 
DOOCOCOMAAINANNM OM 
eet eeee%e2e 68 @© 6 @ @ 


OOOCTSCCOSGOOCOCCO 


sete estes ON OA 
COeDOOOMO® 
CSCOOXKMVODOVCMDADMOOO 
@®oeee &eeteee@6hmUchOmhUCUCOhlUFHmhUCU OhlhUhO 


COODOOONOCOOGVWNGOQ 


area ON MOMS UW O OM OD 
OGCoocr CacOo¢c:eo°oo 
coeovtoereoe eee e © © @ 


QGQelcanoote7 ccc cs] 


aaa CUNO CD OO SF EFL UNL 0 WOO 
CGC Gee ef. Deo ve: 
GODSOCWVOGCODBCOSGO 
@®eeeeteee%reee%*#eet ee @ 


OVOGOTOGDBOODO0O00 


MSNMOSUIOMODORAINMSW 
th et ed dd 


160099.0 


L21G0 7 
RLANCE= 
c= 3600.9 


ce 
VA 
hee 


Czacd 
o<t (J 
Or oO 
so oO <t 

<{ul> 


fo 
W>-OO 
Mk e+ or 
Dera 
mY) <i LU 
O2o®) 
<I UJ CIW 
xO ue 


=r) 
<T UJ Lt 
CCW 
rg =) 
Ul<{ <{[ <{ 
—jt ho 


DEER CASS OCU VE DIFRCRECAT IVE? 


APERCINO EP) 


AFTK 


Dom 
OO 
ODCODODOOOONOGOIO 


@#eeoeeee9svoeete@e@e &§@ © @ @ 


OOOCOVC COOGCMI IO 


mre 
orwre) 
COCUCOOCOGCOCOCO 
Cr ee ee ee ee | ee ee ee ee ee | 


OO GCAICOOOODOOO00O 


ae QUAN MOO SF UU OO ORS Oo 
COO CCC CCoOoGee.® 
WOOO ODANSCOC OOOO 
oeevore oer e ce ee 8 


VOOSMIWGOUOCOCOO 


met IANO FUN OOP 
OO OmOoaGe Cia as 
CODQMOOCOOCCOOCOSGTCSBSO 
oe eee ?8et@efee8e80080 8 @ 


OOCCOOCOOCOSGOTO 


ANOS INOM OAc dSNOTWN 
matt st mie 


al 





ai FF CO 


DIFF CABSOLUTE) PLE CREE AT IVE) 


AFTKCINDEP) 


AFTK 


CUS UV MO LALA OUNVO OOM 
MOBO MOANLIADMGOAISTLAWY 
OMORATORAMODENUNS 
eoeeesee#e£1eee#eeee¢ees @ 
OODO SAAANINAANMO OM 


AMTODONTODONT O 
DOOOOCORAARAAANNAN 
COOCWVVOGVOCVOGCCS 
©@eeeeegee?ese##ee¢eee0 @ 


OOGOIOO9OC GOCOOO 


OOODdO AMMA ANAIAN AM MD 
OOOCODOOOCCOOCC OSC 
oe eo oer eo woe oo ee Oe 


OOQDOCOCCOCVOSDCECOO 


MICO SUVLAO 00 OPP EEE 
OOCOOCVlOeeGee2 ea cC 
OVOc ocoo0 oc cocoa 
esceeoevevoeoeveeve ee ee 


OO GTOOOGCO0CCSC TOO 


ANMTFUUNOMOTOCANMOTUY 
et mt tei 


900.9 
DIFFC ABSOLUTE) 


44100.0 


LANGE 


DIFECREEATIVE) 


AFTKCINDEP) 


AFTK 


LA DIN OWN OW GLA COUVES 
MOND UNAM ONLY 
COG DARA ANNAN OOM 
eeeeeevsv##eeekee8 @¢ @ 


OVOCCDBVOOCCCOCS 


SAaAnmostiunoroeo 
OU VIO Ge. oo G 
OCOVODGDOGOGOO9U0W 
@eeeeeeve#eeysveeee¢ee?e @ 


OOGCVOCOO9DCGCCOIO 


CIS OF AMUN OCNSOMAM 
OOCO AMA ANNANANNO DS 
(OO er eG; CCG Chee 
®ees#ee%oee8?2t+¢%e*eeee0 ¢ 


COWMDVOMMOIDDGOWOOND 


Ob ODMINMOLAO OA ACUM 
COCO arta dr ANNNA 
COOGCCVOOCUOOCOOCO 
®ee%ve?ee?#es#se#2eee??ee?e @ 


DOC COGMOCGBDO9OO0000 


ANIM SLOOP ONG aANODTE 
oe oe coe oe one oe] 


OLE ECARDS eeu Te, OVRE CRE Ieayes 


AFTKCINDEP) 


AEITK 


ONDOFOONOS 
MOSFPin OOM CO 
OODOCVOS OCOCOC COO 
ooereeceoeoe ee eo 8 eo @ 


COOTEGOIGCOODNSC O 


Sq eA OAIAIA 
AIOOoGCOooQoo 
COVOCOVWVOCQOABOOODO 
@eeeeeeetke®eeeee é 


CO COCSOOCOOOO000 


Akt ODMONUINVEI O AOU Oe 
ODOC SAA AANNNNN ES 
Cr_lecGococeiCal COD 
eeeeeee%ee?e#2eeeese ese ® 


COOSCCOCOOOCCOCO 


At OCHENSFODCS AMMO ™ 
Do OO AAA OHANINAANOIN 
OCoeoieoooeeecoocod] 
@eeetege@€e@#@e@oee#e#ee#seseee e@e 


COGOTCCODGIOGCOOO0®S 


SAN OPFUVOh OM ORAM TU 
Sd dag 


SY 





DIFF( ABSOLUTE) DL FE CR ERAT ives 


AFTK(INDEP) 


AFTK 


N 


MLA OMOAIS DOSUVM EM 0 
MO HO FARMOMOMANS OM OD 
OMOKATODAMODONSD 
eoerceeveeeevevee ee @ 


DODO MAAANANN MOM 


SAaANOAPNOM ODHOVNMY 
COD COGO OC t-1- 
OCODVTIVGCOOVCOCCOO 
ee eeee#8e%Ft#ee% ee @ 


OO MDOOOVTOWSCOOCSOO 


ANS INOM DO DK AMF VO © 
COooOCOC Oe ates) aa 
OOVODVDGWVIIOGVONCSCO 
eeevcveeeet eee eo @ 


COOOODOOO9OUCTOOGS 


MINA M MENON ON Sat 
COGLCOCOOUDCOE 
COCSCOONCOSCOCS 
@eeeoee0oeee8¢e8 0808 98 @ @ 


CC OOSCOCCOOCGTOCRWO 


e O04 


FAAIMSFUVOM OH OHaqum su 
A met 


DIEEC ABSOLUTE) OLEEIR EEA Ee 


AFTKCINDEP) 


AFTK 


mth AIO SOW 4 ONC 
ONS CANWIOCMN 
DO CO AAAANANNM MO 
e*ee#seeee%e#ee%2e@¢%eeee @ 


CSOOOGOUOOGCOGOOO 


Saas qdaiMm ms Su 
VWOOQOOMA OSs 
a eae i a) le |e) | MY aay fr |S a es Tae a) 
©*eeeeeesve?#2#%eee« @@?% @ 


OGVOCOOCGTOOCDSOYe 


RA SIN OF OO SAIC INO 
DODDOOC Cast AA AHHH 
SOC e oo cCeCooeaoc 
@eeeeeee8608828? 68868 &@ & & @ 


COTDSGSOCCOCOOOSG 


ANOS UVOP DOOM I ANNO 
CMOS ECOG 
SSeSoC@OG COC OCGO 
eoeeset*teeee#ee ee © @ 


COOCOCOCOVOCESB0O 


MAS COPFUIVOM ODA ORMIMH SUN 
Ss aes 


4G6090.9 


3600.0 


44106 .0 
IT ANCE 


E= 
VAR 
Ce 


1¢.0 
RTANC 
RROR 
ARI AN 

AFT UINGEP) 


tus> 


V 


: 


n>OO 
Wik ev 
ret k O46 
mY) <f Lu 
re 

wow 


amr UY) 
Tl te 
eC SJ 
ee 
Lj<t <f <{ 
rr 


CIPRCREL ATIVE) 


DIFF( ABSOLUTE) 


AFTK 


OTOMMO 
LV Of 00% 
OVOWODOOGOCOWCOOOO 
eoeerereereoevoere ee ee eo 


OGGQITOOCoOO9OCCS 


re Ss ates ee! eI) 
COCO. 
TODOGCODOOCOGOIAOS 
@eeeeteeeeogee@¢e@e@e?ee#e @ 


HAN MIN OM OO TRIAS Of 
OODOdCOCCI Onan eS 
CGEeOOCOowC Coola Cc Ce G®© 
eeee%eeg¢ge@e#eeeoe¢@#%#8¢ 2% @® 


COG. OOOODOOVe Goce 


ANIC t+ OM DOCAAI OSLO 
OC OVO DO aM aati 
Oo Seeqecoeecorotw Ce 
®ee8@eeee%eeeteeHP © @ @ 


AWOVOCOVSCCOWVVO0VO 


HANNO SPUIVOR DAO AAMSFU 
rao eon Lams ken on om 


DS 





DIFE UAB SCEUTE, DIFRURELADEVE) 


AGPTCCIUND EP) 


AFTK 


OO COR-™ DO COW Sr 
MOADTHMOMOMMNE AO 
COVOKALTORAATODONWN 
eoeeeeeee?et ®@eese? @ 


CODD FAAAANNNNM OO) 


Sra NUM MOO SPA o 
COO COoCcodoooa 
COMOOOVCCCBICOOGCO 
eet @Oeeege?ee0e?0?0 @ @ 


OC OOOWOVCOOO900 00 


MAAN MMOSFUIVNOOEE 
OQ0dl COCC OOOO 
CODVWOOCVOGCVWWOOCOOO 
©o@e@eeeeekeeee#8H4hrseee#%e°® 


OOTADOONOSCWTOIOOOO0O 


Os ASSIA 
Cog CC ee eo re eter 
CCOODOCDOOOVOOC OO 
®eoee0eee%eeoeo7e5?eeese@eee ee 


COCCOSICOCOOOSCGCOA 


ANMS WO ODHDORANM SM 
asad 


100009.6 


900.0 
DIFP UCSB SOLUTE} 


44100.C 


1¢.0 


VARTANCE 
MVERROR VAR TANCE 


OR VARIANCE 


DIFECRELCATIVE) 


AFTKCINDEP) 


AFTK 


COONDOTHmE™M 
CO MUN Ort O 
CODD DODOANNNNM MM 
eeeevsvu6504u4u414ee8e808kf?808 @ @ 0 @ 


COOTMOOGOWCHOC COCO 


Asa sAANA 
OC QDIOGOCO 
COCTMOCOVOGOGOO0O 
©ee@e@ @Oee &ehlUcOmhUCc OrmhUCOCmUCOrhUCcOmhUCOhlUhO 


COODC OC ODWDSCOVOCCO 


CeeCo@e SOwOCwa © 
Cer oe VOOO COC UC OO® 
re 


OOOC GDOOCCCOOO0O 


CS ON NOOO SF AS SFU UV 


CVOmweCCam ooo es Ce 


COCO COOCOGCODO0OO 
ecoereoeoereoeee ee @ 8 © 
COCSEOCOOOTOCCOoO 


ANMTWOOM DACANMSTWN 
Sate 


160009.0 


44100.C 
YT ANCE= 
3699.0 


0 

NCE= 
R VAR 
ANCE= 


DiPre CABS CEUVE? DI ER CRELATIVGE® 


Sree DEP 


AER 


=o) 
CO Or 
elale} clelalefeleleleleolalelea) 


OVOQSCOCTMNOGOOGCOG 


se 

Co 
COCCOCOOONOCoGOCOeG 
eesvee¢eerteeeesgoe* se 6 


COOCOOCOeECOeOooO 


OOMOOC MOMVOCOCOSC 
COVDOTVOOCOOO00® 
eoeoeoevevoeoeeee er eee @ 


wlolelel eleolel el wilele} Slalwre 


OP SAIN MO s& wun 0 Or 
COC Se Coe 26 2c 
GOIQOOoOeCCCOCWOCeO. 
®*ee?ee#eeee%? @ee0e0 80 860 @ 


SOGOOaGCocecoesd 


ANIM POOM™ DAORANMTWYY 
a eee 


54 





C.C 
DIFF(CABSOLUTE) 


L00.€ 


RI ANCE 


iW <T tw 


c 

NCE 

R V 

ANC 
AFTK(INDEP) 


DEFPIREVATIVE? 


AFTK 


ores 

OOO 
OWODOV DOOVGVTODOCO00OO 
®*eeeeee?vseeee 82888 @ @ 


COOdOCOOCCOCoOCCOS 


Ore 

MOO 
OTC COGOKOODGOCOOGO 
e@eeeee#e8f €¢©mh6UhWUChOCUCc OhCUhHMUchHhUhHhCUh}HhMlhUhO 


SOQOOCOCCOO9O0G%O 


COOOCOatraWOonc ccc: 
ODTOIOMIGODE. GOOOG 
MARnOBDOOOCCOCCOO 
@®eee?e#8?0ee0ee0e0808@e0ee09@9e80 ¢0¢ @ 
OOO rt aA SA Stes ste 


ONS CeoCTOMOCOoCcoO 
COAWSCOATC CxypOoe 
AMARDPOGCOGVOCCSGCOO 
®eee@eeeege?%?t#e?#?@#e?8eee28 @ 
RPOOO Arn aa aa 


mANOSPINOME ORC ANM TWH 
asda 


Dr VAG SOE Ui} Dit (REEAT Ie? 


AFTK(INDEP) 


API 


anaes 

OdOOC OO 
DOOVOGVOCOOTVOO0OO 
eeeeertereeee?#28e ©8e8 8 @ @ 


COOCABOCMOOOMOCOO 


eee ern 

OCONDOO 
COCOOCDOOVOCGVOOO 
@oeeeeeee?¢ee#e?#e@e@8 @ @ ®@ 


oleae alelelal ele elele ele 


FODPOC AAFP WHOS G 
MALIA CS OM OADARACOAC 
SMH DAARTAOAOAGSASGEO 
eooereetr vee ee ee © @ 


OCVDOVOCOCOCOMRRH-H 


FAIIN DOO FM ANRHNOAMOD 
Mm ALAIN UVIY OT AOODO OUD 
STMORAARAOARAPAS DOO 
®eeeeee?#eee#e?ee2e8 @ 


COC CVOCGDVOOORe- et 


MANO SINOPE ODORAAUM LUI 
Sassi 


DIFF(ABSOLUTE) DLRECREPATIVe, 


AT TICCINDEP) 


AFTK 


OCOOOOCOCOCICO0OS: 
eo ee#s#ee ®©%@¢@ 8 © @ ¢ @ 


OOGVCOCSGCOMOONGOO® 


Se ee ee ae 


*eoe#e?eeee#ee8 8@¢@ ®@ 


COODGTOOOCOSOOCOGCO 


OM OA HDAIAAEH AY AMON 
OLN OO CO OAC NILA OO ASF LN SO 
ANSTO OF & COOMA AMO 
ceo ee wo wm ee ee ele le 


CCoCcoocec CwoCoogo2zo2 


OMDB aA DPAUAM OO MANN 
MUO WOON O NUNC IANS UVO 
mo Pun OP PCO COC DADO MD 
eee#eeee@@#@ee?#8e?80ee0ee08 @ 


COC OOCOGVOQOOCOG2O 


ANNO FINO OOMANM TW 
A mtd ot 


> 





100.0 
RI ANCE= 4€0009.0 
= 0.0 
OI RECAGSOEUTE) 


F= 
VA 
Ce 


DIFF(RELATIVE) 


AFTKCINDEP) 


AFTK 


SFastmOWNOBOTST ONO 
Nata todootruaiet 0 
OMODAMNM Darras O og 
eevee eveeeee 8 0 © @ 
OC OOS AAAANNANNANAA 


APOUNOPOAVAE ARN 
ANF OONMNOOOeH 
COC QOOCC OOM ARIA AA AN 
®eeser?eseee#eeee#eee?e#eesee @ 


OC OOTOCOOCOCOUOO 


NM FUSS MAOM Fare OY 
NTODO AST OOD AMMO 
COOO MAKI AAHANNANNA 
eoeeeoeoeoeoeoe oe eee @ 


OSCCOCOCOOOd0OCAIOO 


NMONOMOTAMNAN DOR 
NMOFPFINMNNODOOORR 
DO COO GOOCOOGOCCOG 
ee @eeee#eoee#eeF@¢?8ee8080 80 @ 


OMOOCCAGOOCCOOOCE 


AIMTIADEHOKOORINMTW 
med el a mt ed 


400006 


900.C 
OI FECABSOLUTE) 


100.0 


VARIANCE 
NCE 


CE 
AFTKCINDEP) 


DIF ECR EVATIV GS} 


AFTK 


TOF OO SNF MODHA 
MO DAMIANO MRP OAL O 
DOANMNOF DHOANMAW 
eer eveoreevoev eee eee 


GOCKONOOG OMA Ateteaie 


UVF UNO Hf MAUL NUNC 
OMANOFOPDOANTNO 
COVUCOCOVOWOOOrtA A AAA 
@®*ee%ee?e%#?€#eeeeeee80 8@ @ 


ODOOOOCVSCVOCGOOGco 


AN M OOO Net OD COUN OQ 0 WI 
NFOD INT INE Dea aist OF 
OC: OO AA AA AANNNAA 
eeresreo0ee eooveer eo @ 


De Oc CCeoeeooolae® 


sa—-COONDVOT@CetO 
QMO OM DWOAnARCOCH 
OTIC OODOVD0OOVAAAAH 
e*eeseeeee#te?et © ¢@ © @ @ 


TOOVSCCOQWVODGCOOO 


AA OSFUVOP ONDCHANMTWN 
tt ed 


1CC.0 
3600.0 


RIANCE 


DIEECABSOLUTE) OTErPIRELAII Ves 


AFTKCINDEP) 


AFTK 


NO FROMPFNASFMOMM 
FRAMOMNOOYONOOMS 
ODO AANA MMOS TUN 
®eeee?e?fseee¢e808f6hmM808mhmCtmC—C<“ SC ShlUelCUD 


OO OOODOVDOOWAVOIOCSIGS 


NWO WNHONM HC OOO 
CODOOANNMHTUVO OF OM 
GCOOQVOOGCCOGCOC OC 
ereeoeoeo eer eon ee eo 


ODOC CWOCOOVOOCOGOO 


CONKRDK-MNMODOTRHm OOM 
NFA DAMUNO WORM tO 
COCOCORAAAANNNANN 
@®eeeFe®@eeoe#ee#eee28e#e?9 °@e 


OVO OSIDOCODGAIGOIO 


MO FRANUFFNWING COW CIO 
NIC UNO CO OD Ce HNO) oF UNO WO 
OCOODODODAARM AAA Ae 
Cr er ee 


OQOVOCEOCOOOTM00O 


ANIM PINOM ONO NUMT UY) 
Ao Hee 


56 





160000.0 
G.9 
DIF ECABSOEUTE) 


100.¢ 


= 


FE = 
VARI ANC 
CE= 


OL PETRECAT IVE 


AFTKCINDEP) 


AFTK 


HOORUTEROMORAIMO 
MOOM NOY TNOr-- 
OMODMATFTODAMNKE HAM 
eeeeee?¢e<e#s?8? 88 8 @ ®@ 
COCOA AAANNNANMOM®M 


MOAIADSHROMOMEOMM A 
COA AANNMOS +INMNO 
COOQDOOOXVOCOKNOCOG 
eeeeee?#e%#?¢*?%?e@e?8e¢@0e @ @ 


elelelalel eal elweilelelelelalels 


OSAP AIDM MOT RINMNDNe 
OMAN MOMSSFINOOr DS © 
DeOQOVCOCOCaOICCee & 
*e@e%eoee%ee?ee?#ee?#e%e@#9e? @ 


DOGO OOOOCGOOIDO 


OO WON $F LVO SO > CC CO 
CORA AAA HAS 
OOQOGDOAGAODMOCOOCO 
©e0est © @@@ @ 0 8 8 Oe 


OOOQOVOOGOGTOCO0O 


HIATT OM WRAOHUMTLN 
et mt 


160006.6 


99C.0 
DIFECABSOLUTE) 


109.0 


VARIANCE 


cCPROR 
R VART ANCE 


30.0 
VARTANCE 


DL FF(REDAIIVE? 


AFTK(INDEP) 


AFTK 


HADPMNMOODCONUASTH 
FOARNOHSR- KAHAN STINO 
OCANTNODHROAIMTHOM 
eee ee emhmUcOmlmlCcFhlC DC‘ UTCUlU!khlhlU OmhlU MhlhlUO 


OCoeoC OC Oss StS 


Ath OMhY ANOS ONr A 
OOO ASAAACINNMMOSSTIN 
SOCaaeroc Cc O2OGCoOo 
#eeeemUlmtthmlUlOhlehmlCUCc OmhUC OC PHhCUrh!OlhUcMHmhUCUhHmhUh!S} 


GOVWIOBCOODOO000O 


OAM NUM MOST OST ROMOUD 
OMAN NM MS FUND 0 
OOGCoCoOCOVOOCGEe: 
®eeooeee#e#e2ee?eee#s#e8 @ 4 & ¢ 


OOCSGUOCOOVCCT OCOGO 


OOMO OD ANSTO OR/& OOD 
Cte NUNN 
OOOCCeC OC OCC eeCoOCe 
Co ee 


MWOOCODCOCT OOOGMIOO 


ANNUM SINOEOROAUM TIN 
eto aoe 


HPPE URE EA I Es) 


DPE (eB SCL iE 


AFTK(CINDEP) 


AFTK 


AANMOSTSSTOMOACr 
WN OMNQNONOGMNOMONEA 
OOAANN MOST SFMONODO O 
oe0 @ @ 8 e@@6@© 8& @UmHhUcOMUOHMUCUCOCU 


COVDIMOOCO9MGOO90OG 


AANAM DAT MeaMOAN 
DOOOGOVAAANNNAM 
SOWA ODOOOOOTOCOAO 
eooeveoeo et eeoree eee 8 


GOODOVDOOCOVOGCIO 


WHOM NCO MOMOO YG Ose: 
OAANNCOM SF SFUIVINO OPP 
COCO COC Cea 
#eee@®*#eee9?o9g @®@¢@@9 © @ @ 6 


COOCCe CSCO eaoOOoCe 


WATILAD NOON SE OoAamn> 
Oma Q\anQmMm Mmm ros +t SS 
COSC COQDGTOCOOC OG 
eet eetee#e¢?#?e% @ 8 @ 


ODODCOCOOOCCOSCO 


ANUMSFINOH OHOGAUMTW 
SH aa 


a7 





DIEEPCASSOEUT ES DIEEAR TEA hives 


AFTKCINDEP) 


AFTK 


MOO aSNTONAMA OWMOO 
CUA FAMOUS ND WO 
OMS DHNTWOl OAAO 
©oeoeee9eswre?eeeeeetee8 @ 
ODOOCVORF AAA AAR AAN 


ADAAM OME AOOTAN ST 
MOOT ONWMOAISH OAS 
DODO MRMANNNMMMM SS 
eeeeee?eeeee#se?ee¢e?e86 @ 


el elolaleldleleleleleleleiala 


OT tonomm ONor OD 
OMATOWO OYA TrRaOMw 
WDSIMANMO MOS FU O OO 
eeeeee%eee#e#s##e?e?#ee¢ @e@ 


OC OSTA SdIWCEMDIOWOCOO 


AMPOMMNNNO ONOMHY NW 
OONS MOM OOMOc'Cc Se 
OSs AAR RS SAAN NNS 
eeee%eee%ete?#ee8e?8#% @ 


COCKOC SCC OoOCcoOOCo 


ANMSFINOH DAAANMSW 
Sass 


12100.C 
900.0 


RT ANCE 


DIPE CAC SOEUT E) DIFF(RELATIVE) 


AFTK(CINDE®) 


AFTK 


MME AOTNODOOTTONE 
ANON AD OMOANOW OAM 
OMAN AT WOR ODD AS 
e*eeee#ee+#ce?eee#eee90 8@ @ 


QDONOCOGTGACWVOCCOOer 


MFONOONEONMM AH 
HAMA O aT ODATODON 
OOC. DORA AANNNNMS 
eee?ees8e%ee?ee?e?e @ @ @ 8 @ 


DBOQVOOOOOCCT9NIBOO0O 


VIAL SF eametF LAO ORK NHOS 
ONGMOOMMS ANONMNDOOM 
OMAN AMO St SUI OO 
eeeevs.e?e??#e##e?esee?e%? e@ 


CQOooCoecGescocecoe 


LIVAIOR O® OW Os AAO DOMNA 
Oath OAM SOR OAD 
O SSN ANNAN NAMES 
@®eeeerekeeesvstr#e#efe#ee#ee¢e @e@ 


OOTOOCCOODNOCTOCO 


ANMSFIN OM DHORINUMTUY 
SAS 


3600.0 


12100.G 


RI ANCE 


arr © 


DTPA S Ss OuU Ve) DEP PIREEATIViEg 


AFTIKCUINDEP) 


AFTK 


MFTMOAHOMOKRODHKrM 
MOONS O NFM OON TS 
ODO OCMAANNNNNMC MS 
eoeverveee eve ee ee © 


OTC OOOTOOADCOCGGCO 


MOAM-MMEMAAMMNOCNMW 
DOOANMST OF OAANM St 
OCOVUIOCOCOC CV AAAe 
®eeeee%8ve06.e#m6mMmCUhmUC OhC HhC<“ HDC‘ HhCUCUCOhlUM 


Sele olalwlalel oleae elelale) 


TW FOMS MOSH OM ONDE 
WOW Ot ONO AN Orit O 
Com ANAIAM OD OOS TUL 
eeteeoe#?e?eeeeeoee @ @ 


COeCOOCUOCC IOC”! 


SAVIO OIN BOS ON 
WO toerath Ons OF OCN 
OA AANAANN OMY OM OO st + 
eeeeeeee?e%¢e?e8%@¢ @ 


ODT OCOOCVOSTWOGOO°O 


HANH SFUVOM DO DNORMNMT YU) 
aaa eis 


ye: 





0.0 
DIFF(C ABSOLUTE) 


DIFF(RELATIVE) 


AFTK(INDEP) 


AFTK 


OP FFOANNAHWIOSTODM 
NADMNOKNOOOMWeAtaw 
OMDODAMNDOOD NMI OC) 
oe @eoeeee%€88#?8?#8@¢ @ @ @ 
DOODCO MAMI ANNNANTNNS 


ODAPORDNN OMIT ODS 
OOCOOC DWV FAA aAade 
eore eevee eevrev eve 


OC ODOOCOMOOMV9O00O 


MmSTOONGMOMENOC Mr 
ANNOORAANSTUE DOORN 
COOCQOOC AAA AAANNN 
e@eeegoge#2Ff ff 8@6hmUrhrhUcPhmhUCUCc OHhUCUcOrmhC HMhUlUrHhUlhUwhS 


GOO Goecgocadkc0ortdood 


MIA AUVO ef Or OHNO SW 
AYUM MOOS SSS UL a 
C$OOC.2OOCC OC OCOC CoO 
eooecrvrev eer eer eee eo @ 


OOCOSCCTCCOOCSCOOCS 


ANMTOAOY OKDNOGANMTWN 
el ad et 


40G00.9 


996.0 


PZ LOO ..0 


R VARIANCE 


DTERCASSOUGT Ee) DIFF CRE EAIIVE 


AFTK(CINDEP) 


AFTK 


ODDADMAMDOMDMASTMNOO 
AS ONMEY OOOGAA00 
OAN TNO DOAN MS INO 
eoeee8#eee@ @ @ @ SG @ @ 


GOCOOOOOS Sa 4-1 


STOMDWDOADNHOANSTMO Or 
OstANOSTWE OMDORANM 
OOCVOCCOCG OMA 
@oeeges#85fe#e 8? 8e#e2e@¢@¢e @ 


GOCTOWOCSTONGVOCGOOOCA 


Mm OADM tO ORIN OM UM 
ANSFODODAAISNO OKAN 
COCO CsA sta ANN 
eoee#et @@e@mUmcOehmUchOUCUcMOhUCrRHhCUcrhOlhUlhUF 


COOIOCC Ce CCOCeCco 


Mm AD OM OM COO Wtf 
AAIMSTIAINO OF EEE OOD 
OODOCOCOCOMVGOOOVCVOO 
eeegeevs2#%bet eee @¢@ @ @ 


COOCCOCCOCOCO0O0O 


ANMTNOE OKHOANMOISTMN 
Set aaa 


4000020 


Oe eae sel) DIFF(RELATIVE) 


AFTKCINDEP) 


AFTK 


MOA FOTONST OWDDOPr 
TRAMOMNM-HAHOOTONDOO 
ceoeoerceoeoereoeo eee 8 © @ 


OOVOODOSCOVO9DOCOC: 


HAST OAM ODOM CHWAM eH 
OCOAANNOS WOOP © 
OCOOCOOOCVGCOCOOO0G 
@eeeee ¢©6hOmhUch}MmUCUhcHMUCUc HhUhUCMKhhUCUh/HHh—(C<hHUhUCUch Hh 


OOOCCOCSTGOCO0O0O 


DAM AM NO OST OH AHA DM ea 
aos ornONOS OF OOe-Ne 
OCQOCOOC Asse AANA 
ee ee @emhmUCchOmhUCcOlhUC OTC WOU OlhUCFHhUC HMhC<CiMPSMC<“ PC SM CS 


GODOOCOGODGVNO00O 


OE OWWWWD OAD UDA OCMOM 
Af unoOl OANA M 
OOCCOOOC0 OC AAA HAate 
@eeeee#e##ef#eeeee?e?ee ®e@ 


OOCOOGOOGDOGCOOGS 


ANMPNOME OTDOANMTWHN 
Sata 


2 





DIEPCABSOLUTE) DIFP TREEA TIVE) 


SET weCiND Ee } 


AFTK 


AODNTOOCMHOMTOND 
MMOOMNODONSTOP OOO 
OOOH ATPOKDAMNMNAKE DAM 
®*eee?8efeetk@eeesec¢«ee@ © 6 @ 6 
OOD OMMAHANNNNNCOEM 


MOOT ONS BAOOMA ST C 
ODA HANNO S SFSFOWN 
OOOCOCOOOOGCTOOAC ONO 
eeeee?eft?e@¢@e @ 8&8 & 8 @ 


OCOOOCGCOCOOVCOCOOCO 


NOOOMHOMOHOARORMOOWM 
OAANN OOS FININO OP 
OCCOSTOACODVOCCOCO 
©®ee@t @ ee? 8688 8 8@ @ @ 8 @ 


OOOVOCOCOGCOCVAOG 


WO OAAIM CIS WOUNO 00 EF 
CO AHA HS eats ee 
OSCCOOCOOCOCROCOO® 


COOCCOCCOOCOOO0O 


ANCIFINDODH ODOANMOSTMN 
SA Asa 


DiPECASSOULU GE) DIFEAR EL Aipky es) 


AFTKCU INGER) 


AFTK 


AaAHdtTONCOMNOMACM 
FOAM O OAUTH OAM TS OF 
CANSTNOVORNOHOTNOF 
eeeeee#e?ee8¢«%s*ee¢@e@ 


OOCOOO COA ASaa14 


AMOAMOOCTONDOSO 
OG OHA ANNN MOOS SS 
OOOUCCOCOCOUOGO 
@®eeeeee#8tse8eee?e?e2¢8 @© @ @ 


OOVOOCOCOOSOOGO9000 


OA DMNHOAHORMORMNOMCWN 
CAMA’ M OS SFA ORE 
OC QOOCC Oe ew Ve, 
®eeee?e#e2e@#?e?#98? @ @ © @ 


DOONOCCGIOGVONO90O 


WN AANS COO OANTO SWOOP 
COVER MrANNNNAN NON 
OWDOOOGAGOGCOOCOOGO 
®@eeeskese@6h6mctetm6hCrhOmhC<C MMC HOUhUC OhC«UHhCUO 


COUDOOGCOCOOCOCCO 


ANAT OOF DHOAENMTH 
Saeed 


1690C0.0 


12100.0 
3600.0 


TANCE 


DIFF IABSGLUTE? DIGEVRERAT IVE 


AFTKCINDEP) 


AFTK 


MINI CIF INO OO OWNS MO 
DOWMOWONOMNOaANOWNO 
COO SANNA OMS FUND OP 
©oeese#e%?e%28?#?8¢?e8%e6¢e#8e0 @ 


OSCOOGOSGOOCODMOO2 


SAFO DKIMO OMS CE 
SOCIO AA AAa\NNMS 
OQOODOCOOCOGSCOCOCO 
eocoeceoetee ee 9 © @ @ 


OSDIWIOOCOCTOOCOCOO 


UI TW OWN OM DUNO SF OS 
COMAAAIN MOS FINWIUY OOK 
OCOCGOCOOOUCOOOG 
@®eee?esrtc?e#e@eee#?#ees @ @g 


Oo oc acon coocoeg 


NO FOAPFHONSFODOWNM 
CASA MMOM Os SS 
COODOQOOCOCCOOCCCO 
@9eeeeeoee°e#e?ee86ee8e8e8 @ @ 


QDOOVDOGOOOCOGCOS 


ANNO SFODE OM OANMO STM 
ata 


60 





DIEFECRELATIVE? 


DIFFCABSOLUTE) 


44100.0 
R TANCE 


VA 
NCE 


CE 
AFTK(CINDEP) 


AFTK 


TOD STMOMARDAHOSTNS 
Nah NWN Of OLOANDWet 
OM ODD AMLAM DAeMINODOE 
eeeee?ee?8s?ee¢e8f et 8 e¢ @ 


COOC Be sAAANANNNNGS 


FANON O OO HANS UNO OO 
SIOO COCO AAA see 
eoeeoe eevee eo ee 8 & 


OOOO OCOOOOC9OCOO 


CONDOS NDOMAMAHOR 
NSU DAO OOAAM STO 
DOV On AAA AANA 
@®eeee%ee#e9e9fog%e*#@#ee8e¢ @ 


OMCOOOGOOOGOIIOC 


DMOOHND HH STODMAAMO SU 
NID OS SUL 1 OO OO 
OCD OAOBDWOGAOCOO 
®eee%vt?e?ers?#e?#e?seee?e08 @ 


COOCCOOOCVMOOCO°O 


ANAFIOHY DHAOANMTH 
Stas tet 


DTEE UR EL ATi =.) 


WU Gace 
DIFECABSCEUTE! 


4410C.0 


RIANCE 


AFTKCINDEP) 


AFTK 


NOM MO tATMOr OOOH 
MO Dost OF CO COM dU 
QANMNOMYDAOANM STUY 
eee ees? 8 8 e¢@ © @ @ ®@ 


CODDVOCOOC st AA aAnAe 


LACQKIONIAUST ODA tODNS EH 
OANMTOAODDMACHIMSTMN 
COCQOOOC VCO AAete 
eeeee#ee*ee#s#eee%e®%e ® 


OCOGCOOGOOVOCO0O00O 


COMDOTNAM OODONY NE 
NMOS OANST ODORANT 
OC COGRMAAAARANANAAN 
®#eoeee#sreererfeeg868 eee? @@e ® 


SECOSCCeC SCOCUOCe 


NO SUD OOP FE ODAOAAAOS 
OTCOOCOCSOCOCOOOCOe 
eeovoereoreeoc reer re ee 


COOCCOCOO9V9CCOOS 


ANUMOSPWNODNOANMATW 
Saas 


DIFECABSOLUYVE) DIFF(RELATIVE) 


AFTKCINDEP) 


AFTK 


OADOTROCANM NAM O 
TOAMOONDO ANAM OH C 
DOO AANA MOMS FINLAY 
eeee?e?e0e 8see?e?ete eee ®@ 


CGOOCOCOOTCOOMGNGO 


NIATROMODOSTMONO 
OOD ANMSSTNOF OO 
CODCOVOCOCOOCWOAOD 
eeee?eest?eee2e#8@#e8 @ 


AEUNDOMANOOAOOM 
AMIAM ODUANMIAM DOM st 
OGGOGCKAAAAANNANAN 
eee 8eee8 @®@6[hae¢e¢?8 8@ 6@ 8@® @ 


OVDSGCOCCOCONOCICS 


AIA C MOM R OLAN COMO st 
AN OM OPDCAHNMMSTWN 
COCCOCOMAA AAA AeR 
Cr er ee ee ee ee ee ee ee ee ee] 


CC OOCOCCOOCCCOCOG 


ANOITNOF OKOAINMTUW 
tt ag 


61 





0 


4410020 
RI ANCE= 40006.0 
= 0.0 
DI FPCABSOEUTE) 


c= 

VA 

(ote 
AFTKCINDEP) 


NC 
R 
AN 


DI FFC(RELATIVE) 


AFTK 


OSM $F$ RONONaATAHNO 
NNAWIO OW ODMDOPrWSA 
OMDODAMOCWONSTVODON 
eeee#%ee¢%¢@6w™mUchOHmUC OC~wMh ChUMOhUC HhChCU!F 


DOO DO GAA RAANNANNNOOM 


NNO DOMMNGAH OFM 
ORANNMOSNORE ODOR 
COOCCONOGCCOCOOMe 
eee3es#se3se#seeteef e@mUmehmhmUcOmUCUMMUCUM 


COCO CWVOVOOCOONO0O 


as Hngnqnwn4ntstaCoornrwo 
aA NOAFWIOFY OKNCANNMOS 
COOOCOCOCAASAal 
ee @eoeeseee%steee#e?%eese¢ 8 @ 


CDOOCOOVOOOCOOCOVDE 


SOD FOHMAORAMOMSTUH 
SAAN MMMOM OOO 
COMXVDEC DON OOROOCOCO 
®eeeee%#eeser#eets @©&eoe © 8 @ 


OOGCOCOCMOO2C OcOo 


ANNO SFMOMDONHORNMOSMN 
AAAs 


DIFF(ABSOLUTE) DIFFCREUATIVE) 


PETK CINDER) 


AFTK 


DO SACO AICO Co DUNO DUNO et 
OMAR DAUMNAOM OOM 
OANTNOM DOAN MS WOO 
eoeoeeeoereroevneee & @ @ 


OOCVOCQVOOCNR AA AAtAe 


TOM NOUN DO tRADOSN 
DQORANMMOTNOOOKR OM 
CCCOOOCGOOOOC SOS 
@eevseee%trv#sreeeeere?¢eee® 


OO OTOCCOOCOGCOCGO°O 


CAA SHAH CONnNMnOoOr oO 
ANMOATMNO, OHROOANMO TST 
OOCOGCCOCGONM atten 
eeeese#eeseetesee%#e#sF eee ®@ 


OGOC COCOUCOOCO2To 


ele elelalelels| ele alelsigia) 
eeoeevreveeee ee & © @ ® 


COOCVOOCOOCCOOS 


ANGTNOM DHORINMONTHY 
ee ee eee 


40006.0 


441000 
Boor 


RTANCE 


DIFFC ABSOLUTE) DLEEXREEATI VE 


AFTK(INDEP) 


AFTK 


NM OSMODONRAMMO@~NO 
SFHIFHRHSRHOOM™ VOW 
DOOD AANNMOM St FIOWNO OO 
eeeeeee?srer gee*seeee ee 


COG OOOVOIONVEGO0CS 


ANNONODOTATOMAO 
CODOOAANNN MS SMOW 
GoODdOOVCUCCVUDOCOO 
@®eegeeeees?98?eee 8 


GOOO0KOCOCOGDCCOO0O 


OOVCEORTOWDF OWSON 
ANMPFUIINOM ORD DHUM S$ 
QOoeowCoc OC eee] Sa 
oeceeovvoceer eee 8 o © 


TCOOOODOSOGOCGCOO 


ORM MN DWM AMD AION MOO 
Saanmns SWMmoorrr wo 
OOOGCOOCOCOCOCOO 
eesF#eeosvsee9@@8se2e8 ®8¢ @ @ ®@ 


WDODOVDOCCODNIOOGCO 


ANMFIVOM DKHORINOTW 
Sac eiet- 


62 





44190.0 
= 160000.0 
0.0 
OIEE CABS OEUTE) 


IT ANCE 


a 


CE= 

VA 

NCE 
AFTKCINDEP) 


Ci. Or <1 


0. 
IA 
RO 
RI 


DIFF(RELATIVE} 


AFTK 


saa NOsf ODOOr, AN 
MOOS NE OMIDY ONAnOO 
OMOAAFORAMNY ANS 
eeeee?ek ee @eee8eee @ 


ODO0 FAAAANNNANNN OO 


NIN CO NWO OG tf ONO 
DOOD SAAN MOMOS + 
OOODGOOOQOCCCOOOO 
eeeeeee%*teeee?eee0 @ 


OOOCOOCOOOCCOO00O 


TAMM NOOWOAME ADOT 
COAANNM MMO st SUN O O 
SOQogaGcocuccouclco 
esce00f0 088 © 0 © © © @ @ 


QOOVOGCCOGCOCWVO0OG 


STHOROMANNMOMsSeWN 
OCOD ADA A Asesinas 
OCOOCOOOVOVOOCVOOOO 


OCOGOOOOOOOOCO00 


ANOS OlM DHORNMTW 
Sette 


44190. 


30.C 

RIANCE= 

RROR VARIANCE 

ART ANCE= 
AFTKCINDEP) 


VAR 
F 
V 


DIFECRELATIVE? 


DIFF UCABSOUUT ES) 


AFTK 


ANAM NON DONMANO OO 
FONWIA AMM ONS IVI 
OANSTNODRONMSTNOM 
eoeoereore eee ee & © 


SCOOOCOCOOCSs SSA 


SaMNNORaTmOMP OSes 
COVDDARAANNANNMMMOS 
OoOoOOCCCOoOOCCOCoOCe 
eeeeeeeeeee#8@@?e @ @ 


CODVOCOCOOCCOIOCON 


SF OHOM AOC TO OMS AUD 
CORMANN MMO MFTFMNUO 
GOoOeovuecCcoOiogocececo 
eeoeoeeeeeee?s?oe¢ @ @ 


OCDOONDVOADWOS SOOO 


POON STMNY DANOANNM 
COA da SANNA 
OCOOOCCGOCOCQOOOUCO 
®eee#eee#ee?ee?e @®8eee 8 @ 


DOOCVOVVOVDOOCOOO 


ANATNOEOROANMTN 
asd ddaaqd 


Olt Abs CRU re) BIFFIRECATIVE? 


AFTKCINDEP) 


AFTK 


NMOAWMOMH>OROQADONA 
CWMCMNOWTOADOAWIYS 
OOAANN MOS PUNO DO 
ower ere eee er eee 8 Oe 


COODGOOOODCOC-ONGO 


MAIS INI DAM O OHM O 
DOOOOKOVDANKRAANNNA 
OODDOOVGOOMGAWCC & 
eeeeeeeeee#eeeeeee ® 


DTOODDOOVOCOSO9V0CO 


FROM ADOT ODVNORKIMNG OH 
OORMANIN MMO MS FU O 
CDWO@OOG GGOOCwe Cee 
oeeeee#sresege?ereteeeee &@ @ 


QOoOQOOCCCeCoOCe Oo 


SFONUMNDOMNAMH Mean sinh 
DO SAAANNNANNM OOOH 
COC CGCOOCGCOOOCO0OO 
eoevoeereeoree © 0 © @ 


ODDOOCOCOCOIGO000 


ANMSFUVOMDOOCHANMSTW 
asada 


63 





DIFFC ABSOLUTE) DITEPCRELAIIY G2 


AFTKCINDEP) 


AFTK 


= 

oe] 
OOOC COCO COOCOC0O0O 
eooeroeor eevee 8 oo 


elaleletlelelalailolelalolelala 


re 


© 
COCOCOVCOGCOCCO 


elelalelelelalelelelelelalele 


NOCOCGAOIMAGORDOOOO 
OKOOACCOOODBVMOOO 
MWHROOOOCOCOVOCOOCYO 
@eeeeeeee?eee#e#ee###?e®? ®e 
Dt mt mt et ed et et tt at tt 


NM ONCCOMOOCOCSCO 
OPDSGOICIOCROOCS 
MNHRODOOCOCCVOOCCGS 
eoeeee?##eeee%etee¢e?#e?e8e @ 
CO eA sed AAAs ete sete 


ANNO FINO WKH OSANMOTE 
SS 


DIFFCABSOLUTE) DIFF(RELATIVE) 


AFTKCINDEP) 


AFTK 


COODCDOOCOCOOO0OO 
ceooeeoeoeoe eee eo oO © 


OOCOCCCOOCOOO00°O 


eoeoevevevesv ee ee 


e° @ 
COGCCOTOOOCCO00O 


SOM OOO CO ee OOG-. eS 
ae ORnDCOUCAGDCOCOH 
MOOD OC 2a OCOowcO Oo 
oeeoeees3e#0eees5&537*? 
COMC0 Ons AeA aes 


FOOD COGHCaCcoac 
af OOO TDC OMDSOO 
MmADAARHOOODOOCOOO 
@®eeeeeeteeeegege ee 
CODVVOVO RMAs Aa aH St 


ANNO FINO ODHGANMO SU 
Sates 


DIE CAB SOLUTE) DIFFC(RELATIVE} 


RETKCIND EP) 


AFTK 


CO OCOGVOO9O COOOCO0OO 
oor eeoereeoe eee ee @ 


SCOOOCOSOOOCCOSCO 


CC COOCOCOCOCOOGS 


ODOVOOCCODVO9OOOO 


OSM OFTMOOST OSH OO OC 
OTDM WDAOTRDAHOD 
SOP DARA ARAAORHAOO 
eococrececreee ec ee & @ 


CC oC Oo0CuCc’ OC OeO tes 


OSM OSPLINM SC th OOOO 
CTOMAUMLDHAARNRNAOCO 
TOM OARAAMAAARANHPASO 
®eseeeeeee#eeeee @e@ 


ODVOOCCCCOOOT0C 


SACI TINOM™ OTOINOSTWY 
A tt gl 4 


64 





40000.0 


G.0 
DIFF( ABSOLUTE) 


00 .C 


i 
RT ANCE 


DUPER EEA) 


AFTKCINDEP) 


AETK 


MmADNMOADGDOANN AWM 
OCODMODNOANE™ OWM 
OMOM OFAN DO PON ORNS 
oe ecnoeeo wee eee 8 oe 


MmOWMANDODOOAKr MOM ON 
MSO DAMOOOMO DAs OD 
OC COOMRAANNNMM MMH + 
e*e¢eoeee#ee?28??0ee80e 0 0 @ 


COOOGOCOOCI OS O000 


DF OW APFUVS OF O00 FH O 
WNAOROOCONNDASTH OD 
CAANN MO MOS FSW 
®*oee?#%8ee8e08e 86 @ 8@ 8 @ @ @ 


OC OOO9OGTOSCCOAGCAO 


STH ODOM MOA SAO Ast 
WO CAM SFUAWM OOP & OC@ 
QO AHA AR AAs ase 
eoee#eeeeee%ee##8¢ ef 8 @ @ @ 


CODODCOOOVCOO0OO0S 


ANMFINDE DORORNM SIN 
es rest estes ed 


46009 a 


900.0 
DIFF( ABSOLUTE) 


100.0 


VART ANCE 


BIFEUIRELATIVE? 


AFTKCINDEP) 


AFTK 


ADWIOM SOMA AMOCN 
DOWMGSTHOATAFWUIMOS O 
ONMMNE ODOMAINMHFUVO O 
coeoown reo ere we eo we OO 


OIA OEE LANE NUE 
APFMOMDANWIE AAI O 
CCCOAAAANNN MMMM 
ceerocerevoeeev eer 0 eo & @ 


COMODCOGCOOCl:OO0OO 


MANO AODAGDM ORACMH MO 
WADAHIA TO Pathe OOO 
ORAAAINNMMOS SSFMWMOW 
©*e#eeeeoe%ee#ee8e¢88 e080 8@ @ 


COosCoecoQeoOoooCceca 


SOP DONNAONAr Ah 4 
LO AOD Ol WOOO GC HAN 
OC AA AHH AAANINANAAN 
eoeee#eee#ee#e8 @ @ @ 8 @ 


OODOCTOOCOCCOO30 


aANUMOTA OF DHOANMOTWN 
Haase 


DIEF CABSOEUTE) DIEFECRELAT TIVE) 


AFTKCINOEP) 


AFTK 


MASE MOF OBOAH AON 
DOODTNAONK MANDO 
COANMSETMOOOR EK ODOR 
e®ee@¢e@60Um8mUtmUMOHmUCUMHMUC HMC MLC MU OhLU OhUhhlhlUhO 


OOVMOCOMOOO0COCSESO 


APPTNVOSP MR OANMOSTOHD 
CNFODONWMNEY OAMOWN O 
CODODDORAAAANAINOAS 
eoee®eeese#e%*e#e8eee6¢ee080 @ 


OVOIOCOOGTOOVGCIO 


PFUASF OOS OT SH OP Vit O 
WOWNOS OAIMDA NW OHS O 
OMAN MO MMOs FSU) 
eeer#ee6G 8ee @ &@®& @ &e 8G eh 


OOODCCOCCIOCOGCCC.O 


FUOMODOVIMSESIFVNCHY 
IO COLAC DRAMAS Oh OOM 
OCF SHAH ANUANAINN ANOS 
eee @©@ Hee ee & 6&6 eh OmhUChUM 


CCOUCOCOOOCOCGCOCOOND 


HANMOTOAOM> ODHOANMSW 
A mt miei 4 


65 





DMR Et aie es 


160000.C 
0.9 
DIFF UCASSOEUTE) 


= 109.C 
owe 


AFTKCINDEP) 


AFTK 


MOM ONAMNISTNRMOTN 
NAOMORNNAOOWN 
OMODAMODON ST OM Or 
e@eeeer?t @eeee#e?ee%ee#e ee 


QOOCO MAA ANNNNATANMS 


OMmDOAMINME DAMS OM 
CAN SNOOP ODHANMIWN 
OOOO CKVOSDOOAaANAAe 
eee eoerteaeereer eee @ 


OCOOOCCVOOOOOGO00eS 


BANENAMM GFrronnr 
aAOtOMmOORMMSTMNEY ODO 
OOO CVC AAA AA ARAMA 
-  ) 


CGOVODTOAGOGTOECOOOO 


ANAIMMOM StF IMN 
elelelelelalelelelslaleielele) 
core ore oor eee @ e@ 


SCOCOOCCOGOGOO0O 


FANMOSTUOOM ODORANM TW 
art asec 


160000.0 


0.0 
Cla. 
DIFEVABSOLUTE} 


10 
CES 
9 


ODILERIRECATIVE! 


AFAKCIND EP? } 


AFTK 


DOMDDOMAAMANITAS 
ANNAOrF MONCTON 
ON TSODOAMTODTONM 
eeeee#e8e#e8e¢eeee8 8@ @ 
OSBOCOVOMA AAA MINNA 


OMANUMFONOM CORN MS 
OVUWOOCOC GOdAeteitaere 
eoeoeeoeoeor eevee eo & @ 


COCCOOGTOGVOOO000O 


WONG FONOAMOANSO 
aM tOMOORANSTNOOOS 
OCC OODG Ade AA AKAN 
eeveeeseee eee eo @ @ 


OOO OC MOODOCCGOOCOO 


LALA NE ath ON SFOrRPOACA 
OOOVOCAOCC0OOCO0O 
eeeereevor eer er eee @ 


COODOKDOCCOCODO00G 


FANUMOMSFINOM OW HAOANMTHN 
aoe 


DIFFIABSOGLUTE) OL ERIRELATIVE? 


RETR CENDES) 


AFTK 


CODORFINAM OMMOAOTOO® 
CraNNNNNAODOONM 
OMANMOSTMOOMOAHOMANM 
eee @@e@eeee?e?eee8 @¢6@6[w!8ehUm!86hU 


OC SOOO QO9O COM Aart 


MOGFNOOOM-MP-&m O00 
CGOANMMSTNOM ODWOr- 
OOCCVOOCVONO008nrr 
ceoeovoeeoereoeo er eee oe 


COOGCOOCOOCOOCCMOOO 


MOTOMMAST OST ODM 
AOSTNM OORNTNOrFAO 
COCOCORAA AAA AAN 
ee®%e®ee?e?#e#ee8#e?0 8@ @ @ 


COOCOCOCCOSC eGee 


LAT DNA NOOSE NLA 
ANMSININGOr RE OMOd 
OC ODODOOOOCOGOOO 
eooereeeoeee ee 6 eo @ 


OOD GTOGDOCGOCOOCO 


ANMOATPNOM DHOANMTY 
mrdsedredie 


66 





tee 


DIFFCABSOLUTE) OLEECREEAT EVE) 


AFTKCINDEP) 


AFTK 


DOANCRAATHSOCOROF 
WSTRODOTOAMMNINOOW 
ONTO ODO AAMHA DOO 
ees @eeeeee?ee?@¢eee8e @ 


OCOOOCOCODMOOGDEO 


STrosrOPTNNoCoovowdPFwned 
OMNIA OO DANCY ST UVO 
OOGRANNMMMO See Ss 
@®eee#eeeeeee#?8eee#ee?ee?@ @ 


OC COOCTOODGDOCO 


SAO AHODO AMY OF OUINMOW 
Mm AONOM MOS athe OAINS 
AMYTUO OM OOD ONDAM® 
#oeeeeee%e8e%eeeeee sé ¢ 


OCOCOOOCOCCAMNOO 


ADMVOCMH MOO OF OM-R 
Mm FSOMNDOAANUMSWNOf O 
ANUNMMMOM Os SSeS srs 
@®e?eee#@8e?8e8ffe@eegmeee8 @ @ 


elelelelelslalelalelelel alela) 


ANMTMOOMHOROANMTWH 
SA Aa ie 


900.0 
DIFFCABSOLUTE) 


121000 
RT ANCE= 


F= 
VA 
er 


< 
Ooaaé<d 


C 


tc 


DIFF(RELATIVE) 


APEC CIND EP) 


Ai 


ADRMOMOBDOMNM OS HOD 
WORM TONWIEOAOOM 
OANM STUD OOOO OO 
ceeovno5ovrereor eee er oe © 


OGTOOOCOOOCDCOOCO 


ANMIAANARSTMOOO-MN 
TH SONODKAM SOM CO 
COBRANNNMMMMMMMH 
orecworweoewr ere ee oO Oe 


VOC OOGDOCOODCOGCOO 


mh CU LN UN NO UNL OOO O CO LN OD 
ORAS ONCMWANIAM> DAN 
ASTINU OF EM ODMDOOOM 
eereoceeeve7e? eee eo @ 


CCOoOCOOOeCOT COCO 


AHAODMMOMOSTAOhy DOA Or 
OWAOANST OOO ANY MOS 
AYUMMMaT TPS TMOMMWY 
@®*eoeeeee7s5e?#st?eees @ 


OOCCOOCCCOCOC8eOo 


ANUMTWOOM DAORANMTH 
Sasa 


DIFP CAS SGLUTE} DLPE CREE ATIVE? 


AFTK(CINDEP) 


AFTK 


NEMONDAOSPTRAAOOOM 
ORDO TH DAN TINWVOO 
OCQOAAINNANNN OM OOMMOCM 
eovoevevevoevreeer eevee e 


COCOCGBOOCONGVO0OOD 


WOM Sh ODOM STINS af 
AMODOAMONK DOANMM 
ODOOODRRAAAANNNNA 
@eeeeee?eceerfee?#eeeeee @ 


OQOOCOOUCOOOCCOGCOCO 


MO DW ORIDAWIMWONMOC 4+ Sea 
TOWN FOO SOCOM CO count— 
ANNUM SUN 0 Or OMDOMOWM 
@eeeeegqee?%eegee?ee#eoe#r @ @ 


SCCOoOcouvueoCcCooeoCcCcoa 


MSH OOth CORONA St 
OST NDOMM GMOODAANSTWIN 
ANH MOF FUVLALALNUN OO 00 
@e@eeeee?e?ecfe??eee?e?e @ 


DOOOCOCVVOOCFTMOOSO 


ANMTWOM ODHOMNMSTWN 
esi 


67 





0 
0.0 
DIFFC ABSOLUTE) 


= aa 
Cig OW <1 
e<l Cw 
© 02 
WN oO At <f 
Iw> 


tt >-OO 
Wh ao 
— bh OC 
mi YY) <f LL 
Se) 

Two 
COwuRe 


—_t hb Y) 
<I Wij 
e.coCcD ) 
oro 
Wi<t <{ <{ 
—_-F- a@ 


DEE CREEAWIV Ee) 


AFTKCINDEP) 


AFTK 


MTOANONDASHOT O00 
DMNDONTUV DOAN MS 
eeervreeneeneee © @ @ 


OOD OMAN AR ANNNNSN 


ma COM f- OS NOUIOM OOO 
NTH OM ODO DRaATFODAMN 
OOVONRAAANNNN MOM 
®eerte#eertkeetrt @ee @ @ 


QOOGTSCOSOWOOOO0C0O8 


ODAARNWNIOMSFTMOOAWN 
TFTOMPOTODATHOMMNDO 
DOOKRANNNMMOMOS SISSY 
®eeeee?esse?8tfse?ee2se#e?ee°8 @ @ 


COOOCOCOOOOT O00 


ODOM SFANUAW SUG mh M0 
TFOMACCANNMMMds +t 
ONTO AAs AeA Sa 
®e0enrteteee#eeet &@ @ @ @ 


elelelelelelelelwlelaielelele 


ANNO SFUIVOP OKDOANMTWY 
ed ed md 


Cea. 


l>oo 
eb oy 


—IuiOd« 


Shr) 


—r- Fr oO 


ire CAB sere} DIFrFIRELATIVE? 


AER CIND EP) 


AGT 


ODONOOAWDOMAAM-H 
COD MAMA DOOM Ot 
ONMUINEDORNMO SW Or 
e@eeeeeeee#eeee2eee?eee ®e® 
OOCCOOKNA AAA AAA 


IAT NE FO ORMNOANMM 
AMODAFODNAM OODN 
OGOCONAHAANNNNMOM 
®eetee#stft#eeeeee?ee @ 


GOSCGANGO9OOM0000 


WAM MDOAIOMOKMOWM AMA 
SFONOGTE OFODNWE Or 
e0eere eee 0 8 0 & © @ @ 


OCOCOCOCOORVOOCCE 


LV OAR- CO O OMOAWIS + ONO 
SMO CANMYE ENO OORE 
COC HA AA AA SA see 
eee @ Pe @e fee 8@ @ @ 


OC CcococQDoocoOoo 


MAIO FUN OF ONORNMTWY 
Set et eee 


DEPECASSUEU TE) DIFF(RELATIVE) 


AFIK CINDER? 


AFTK 


MmANDACTMOAATOST 
ANCOIMORMOOWMRHDORA 
COANMTFMNOOM- DOOAAOS 
®eeeeeeeee%%ee @ 


CIIMNDIOACOBDWVA0OC0O 


OWN ANA HODODOUOM 
O NMOS DAMN OOS 
OOCOCOOC AAA AANINNA 
oee#eeee%ee?#@eet?eeee?% ee 


CVMOGCOOCWOAIGGCIMO00 


TASMAN O OCWIAMOUNMAOaA 
SON OA MO AAW MaMLAC 
DO ARRAN NOM St ES 
e#eo%oeeeee28f ee 8 @ @ @ @ 


COOCOCO DC OCC OCeOD 


MM FOUSFCMMNWIYAMOPF SO 
SM COAUT OR OD BAOUNM J 
COO Aedes esreamiQiNnan nN 
eeeeesr#eee?ee%e*eees @ 


CO COCGOOVOOCOCON 


ANMSPIAOM ODORINM STUY 
etd me ed et 


68 





"NW <t Ww 
Usi> oO 
Ce 
C2 <i 
e<f Or 
Cec & 
UVa Oo <f 
<I LL) > 
> 
ZO 
iW >OC 
bk 1 OY 
Dek cc 
mt) «tL 
AZWO 
Tw 
a Oe 
= 
er Y 
<I UUs me 
TOOL 
eo a 
Uj<f <{ <f 
—h—r 2 


DIFECABSSLUTE) DIFFC(RELATIVE) 


AFTKCINDEP) 


AFTK 


MmOONADOWOMAMOOO © 
NNO FOONMM OHAOr + 
OMODANODONLTODN 4 
cooeoer oor eee ee © @ @ 
OOOCOAAAANNANANNNAS 


MOD OHAONM SUN O0f © 
CANMS OEM OF OMNMYS 
OCOCOCOVIC SCG Adan 
ceeoerereevevre eee eee @ 


ele lalelolel el elalel elalelelea’ 


TFONOCMOANSFR OAMWMN 
ACNE OM Oaumasinhr Oe 
COOMCCUDAAA AAAS 
re ee ee ee 


OCoOO°OCOOOCCCOOoCco 


PADINANNAEe OOAMSPOOF> 
ANNA OED OO et St St SS 
OOOCOCOCOWOOOCOSTCOO 
®eo#e?eFfs?ee*#ee@¢¢e¢@638c6hé<‘a‘iPBTS6¢ 6 


OCOOOCOOOCOOOCO 


MAO SFINOM ODO ANMTWN 
asa 


TOO 


tic 


UIE tr CABSOLEUTE) DIFFCRELATIVE) 


AFTKCINDEP) 


ARS 


COOOATDODO—-MMSTOOrO 
AMNMMONSCHTFTOVUANAM.r 
ONTO DOAMMN OOH ANM 
@e*e?enee?ese?e?t? ®@8@e?e8e @ @ @ 
OOCVO ODA AAANANN 


LA CIA AROUND OO FUN UNO SO 
COANMIDU OM OOSCANM 
COOOCCCUESCCOCOAdae-4 
ee @O @o@e@eeeef @he6Gh6hUchhmhC<C UCU !HhUO 


OMOGOAICOGOODOCOOG 


FOO NO ONO ORS OD ANS 
ANTWIODAGNMOSUM OM 
COCOCO CAA AAA de 
eoeeoeesetetet® eee eo @ 


NOOO CDIOOOWO COCs 


STMOA+tOAFODENMNOP-- 
OTCOOSOOCOCCOCOS 
eeoereveoeevee 8 ee © © @ 


CMOOOOCOOCOOCTOOCVO 


SAIS DOM OR OANA MOSTYN 
SaAaAoaaS 


12100.G 
= 160000.9 
3600.0 


VART ANCE 


OEE ABSOLUTE) OIFF(RELATIVE) 


AGTK CUNDERP } 


AFTK 


N 


NOMDOVDVDAMMNOMAAN SY 
CANNAMONNAO OE Ost 
OANMATNOE DHOOGANM 
e*e@ee#v#H#ee#¢e%#e8e*¢*©@¢@¢©6mc8t6emhU<C WMCU(C!OCUCUcHhlUhS 


OCOODOO COD 


MM MOC DOOMNSTONAAHtGO 
COVOOCCSECWOV9VOO8MAe4 
ceo ooo ee eo ee eo 8 8 Oe 


CSCVOCOOOCOCOOCOOCO 


FO HAM ATMO AIS OOO 
AN SFONO OA CHM SUIVOMm ® 
COC OC VOtdAAAdaded 
eoe@ee#eteet?eeeteeeet @ 


OOODCOOMOSCOOCONDG 


PAST NDOMONOA ase aa 
CMOCOMVOOVONDGCOOOD 
eoreveevee eee ee © © @ 


CITOOSOCeCOCTCGOOS 


MHAALIMHSIADM ONE ANMSWN 
saa aaa 


69 





0.0 
DIFF( ABSOLUTE) 


44100.0 


apoE 


AFTKCINDEP) 


29 
ANCE= 
QR V 
T ANC 


R 
A 
A 


uw 


OIFF(RELATIVE) 


AFTK 


OWN OMOTRODNDAMN-AH 
AMORACHMOMEONMTMOAS 
DMOWMNDOAAMNODHOHANM 
ceeoevcereoevevreeee eee 


DCOODO MAA AARHANNA 


WUDVODSNFOOWIMOANIO Aue 
MIO CUO Rast MO ANSE oO 
OC CORAAANNNNMM MOM 


OOOO COCGTOGO00OC0CO 


STIENDWANOMATHSNOM 
WMOWUDM FONNAONNCAMDO 
OR MAANAMMMOS FDO 
*ee+sesee%??#eee##e?%8 ee 


MO OOVOIOGCOCSODCOOD 


POMP KWODMNAORNAMOM 
WONT ANMT FMW O OO 
OOD SRA A AA AMSA Se 
®* @eeeeeee%ee?¢e%e¢ese@ 


eleleleléleale\ dle) el elulelela) 


SNOT OADOP ODOAINM TU 
adres eaed 


WD awl 


ahr 


Die CABSCLUTE) DIFFC(RELATIVE) 


AFTKCINDEP) 


AFTK 


MAMOTFIN OM DONAOAUD 
DOM ONDODKANNNODON 
ee®eeevteeeveeeve ee @ 


MNOAOFMIANOMI, ORANG 
ATM ANNDAMODAMN 
OOOO FAAANNNNMO OM 
eeeeeeeee%s#8vkee#%ee?ets 86 @ 


COOCDOOOSC OOOCOCU0S 


MNOS hE CORK NOOMMNHO 
NOW OMS AWN OATH OM 
Ca AANN MAM MOS FTO 
oe@eo oe ec oC eo eo ee eo 8 ee 


COODGOOVOOGCONDNDO 


CALVO fF OH OON MOMOMNA + 
WGDAIM FINO E EE DAAASE 
OC MA AMA AA AHH AAA 
eeeeeev%s#%veee?e%te#e¢ 8 @¢ @ 


SCOOCCOOCOCOCOCOS 


ANAM FUVOMD OOANMTUN 
mde 


DIFECABSOLUTE) DIFFCRELATIVE? 


AFTKCINDEP ) 


AFTK 


TtTOMOSTM OBAHADOTCMS 
NOMNMOM TOWN RMNO St 
COANMTHAMNORM OOAD 
@®*eee#e¢@eee?eee%e?%0e0880e0 ¢@4 


COGODOCONGBOOCO9OS 


DVNDOKOAMNTHWNWYST OOD 
ONTNDONSTODON ST O 
OOCC CORR RARAANNNN 
@®eeeee¢?ee?s¢ee?ee¢6e¢0ee0 80 @ 


ODGOOOOGOOOC COSCO 


OM AQIS ANAOCONAWN 
NA FOUND OMOOMNDWAM 
OCORAANNOMM Sst SNOW 
®eee#2eteese#e9qg?:e#o¢oe ®@ 


OCCOecooccc OCOCCOeo® 


CHOOCMOTAMNMNMIMADOLW 
UVC ANY OW ORMAUMGSWO OF 
OO AR RARAANNNNNN AO 
eeeeeee#?e?€e?eeeees @ 


COCOCOGCOIOCOOOOO 


ANIM TFINOM DMOORANMOTW 
Sets ed 


70 





40000.C 


iE = 44100.0 
VART ANCE= 
NCE= 0.0 
DIFFC(ABSOLUTE) 


oo 
AN 
QR 
TA 


DIFF(RELATIVE) 


AFTKCINDEP) 


AFTK 


AOADPNNOMNWNOAhY ADO 
NOWNDHAINAD OMO MMe 
OMUODOMMN>DONMMN OO 
®*eeeeeeee#*¢¢? 6@ @ 
OC OO AARAANNNN ACY 


SNAANNNNAHODMUIN 
AMA DAMMAM O&CONSTO 
COO OVD OC AMA AMINANNA 
*ee35s%xeee%8k#ee¢eo¢¢ @ 6 


OODOODOVOGO9O0OCOO 


OM FAOGNAKHNSTOAOP OO 
NWOAHMODOMNAMAAMN 
COC AAAHINNNNN OOM 
eese2eee?e?2ee8e @¢¢ ¢© @ 


CODHIATBOIOCCOOOODG 


DOANAWCTH GME CNM 
NFO OOWDONOD 
COOOCOCOOODCOCCACO 
eoeooeeweeeeee oe e @ 


COCCOSCOOVOOC COO 


AN MOPUVOP ODORNM STH 
eter 


40000.0 


44100.0 
RTANCE= 
= 900.9 


CE= 
VA 
NCE 


ei Or 


DIFF(ABSOLUTE) DIEFR( RELATIVE) 


AFTKCINDEP) 


AFTK 


MUA AIOM Of Aah OMmmYy 
AaAaTMOMOWMAMAMY OOO 
ONTO DANMONOM OOR 
#eeee@#eeeeeeee@¢@ * 
DOOCCOOCAMA A RRAAANA 


OTtTARDOrMTSTNODONND 
ANSI ORM OWE DOONM 
DOOCCOCAAAAANNA 
eeeee?tekeoFc.e@mUmOMmUCchOrhUC<C WMC(;CHhUC OlhlUH 


OOOC CHOGOGCOOOOCO 


MNOMANOTHR ONMSSTTOM 
NINDMOMDIODC (AWK DAMN 
ODD AAAAAINNNN MMOH 
eeee?#eoee?#ee%ee¢@¢o%8@¢# @ 


OOOCOONGCAMIACCS 


DODD ONMHN OAMODAM 
NFUVOR ODAC OU GOde 
OCVOOOVOCONOGAAAAA 
oeeoeovcreeoereeeevee 


OCOCOSOCOOCCUECOCO 


ANAIPFNOH ORGAN M TWH 
id et i 


49000-9 


DIFFC ABSOLUTE) DIFF(RELATIVE) 


AFTKCINDEP) 


AFTK 


MFOANARPOASRE OMY 
DOC ADWDOMNNOPKY sh 
OANMMSFNDOMH ODDO tes 
eocoeoevrweeoeoer eee ee ee 


COOMDWDVBOAGOOOGAAeH 


LATIN AO HOROMIA 
GANMAMDODAAN YUM CO 
CIVOO GOGO GNA AAA 
eeceoeowo eer oo ee eo ee 


MOOGOOCCOOCOCOCECe 


OM Ht OADM ASUVOOOW ST 
NUN CHAU Ost OOMONS 
OOO AAAANANNNMOMm 
Cr er ee ee ee ee ee ee) 


QOOGOS2SCOCOCOC OO 


OM OF LOADSFOWC + O 
AIWO0 OD GANA OS FINN 
OC: ODOR AAA AAA 
eee0ueeeeteteeoeoe & &€ oo ¢ @ 


COOSTGWOOOCST O00 O00 


PFACIC FUDD OKDORNM STW 
seeded 


ee 





4100.0 
= 160000.0 
0.0 
DIF RLABSOVUT Ee) 


RT ANCE 


F= 
VA 
CE 


DIFFAR EEAEY VED 


AFTKCINDEP) 


AFTK 


NN &FORAISFINO OWS NO 
ODMODAMODONTODON 
ewreoereovnerree eee @ 


OOOO FARA ANANNNM OS 


OFNNSSAOGMAHAAOOL- 
OMAN MT OR ODOAN 
COCCCOOOCCOIOAA eS 
oscoeoerevneowreer ee ee 


OTOOVOOOOCOOOO0C 


Nt DO TONMENWOORR 
ANOS OE OD OANM TWO 
OOD COCCOn AAA 
eee? 8?8?0?@?8@9?8 e928 @ @ © @ @ 


elalolelale lel ala el alain aia) 


NI OADM DAM SFUOh ONO 
SANNA QIN MM MMM MOH MOM + 
ele elalel Slalel el ales aele) 
ee @ooee#2F.e?e088708ff?%8 288? 0 @ @ 


OOCOC OCGOOVOCO0°© 


SIM TFINOMHDHOGANMTW 
tl Ht ed 


16000C.0 


90060 
DIFECAB SOLUTE) 


441006.0 
E 


RIT ANC 


CE= 
VA 
NCE 


ozad 


—i— co 


ULFRUREGATIVEe? 


SETKCINDEP) 


AFTK 


CONSMHNDWONSTHOSFWM 
NI OO AI AHO OO OU COMM OS 
ONTODOAMNYNDODMAANST 
Cr Pe ee ee ee ee ee ee ee ee ee 


CODDO MA AAR AANANAN 


THOMMOTMONNAOCOOD 
OSM STMOOM- CODA 
COOCCOOC CO0ODCCere 
@®eee@e#@¢???00 0? 9808 @ « @ ~« @ «@ 


ODOCOOC COCORNCOVE 


NOM DOMAMSTUILNO OO 
eNO Fuh OO Denym~ +s WO 
COC OSCCC DAA AAA Ae 
* of © @ee@hmUcetmC HhUC OmUCUMhhUcMHhUCUc HhmhUCUCUrh/!hUhF 


COOCCeC COC OCOOO”W 


NCW OAUNE OAM OD 
HANAN MOM Ms eee 
COCCOCCADCOGOCCO 
e®e?ee#e?##?2e?8ee?¢0808?0 980 8@® @ @ 


COCOCCOOCOCOGCO 


SN Ot Oor ODNHAOANMSW 
eee 


160000 .0 


0D 


DIFECASG SOLUTE) DLES (REBALIVE? 


AFTK(CINDEP) 


AFTK 


BNDODONODONONM a> 
OANMMMAMMOMAI AO Or 
OMAN OPOOM ODHROANANNM 
eer eevrereer eee © oe @ @ 


OCOGUOGCOOCCOnN Arie 


NOADOTRAHAOTNOTMF WH 
OOAANM OSU Or OM 
COMOC OVOC OQOOOVO 
eoe?2e¢e¢gée@8*#?tee?eegs?se?e8 8@ @ 


OOVCCOCODGOCO0OMO 


NFA ODO ANM OM SS SF 
SIM FINO D HOGAN MSUNO 
coe wore ovr eo oe eo 


OC ODOC OC OOGCO CCI e 


NAD WN AND MOOD OD 
ANAM S$ SUI OOOO DO 
OCCeCcOoOCoCOoOOeCOCae 
e@oe32£gee?8*8@¢?8?090 @ @ @ ®@ 


SOOOTOCKOSOCOOCCOOS 


SNOT OMH OACRNMTWY 
et est Sst ste 


Tie 





APPENDIX B 


COMPUTE K OUTPUT FOR SPECIETG WEAPONS 


These tables contain values for N, the number of rounds 
fired in the salvo, AFTK, the average fraction of target 
killed for the dependent model, AFTK(INDEP), the average frac- 
tion of target killed for the independent model, DIFF(ABSOLUTE), 
the absolute difference, and DIFF(RELATIVE), the relative 


difference. 


Ballistic input data was for the following weapons and 


ranges. 
WEAPON RANGES (meters) 
105mm howitzer 2500 5000 10,000 
155mm howitzer SOC 0-107 000 95.006 
8 inch howitzer 5000- cle, 000 142.506 
175mm gun 10,000.55 20,000 1307000 


See APPENDIX E for the computer program. 
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